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When,  some  few  years  ago,  it  became  necessary  to  revise 
the  English  Edition  of  the  late  Prof.  PrantPs  Lehrbuch  der 
Botanik,  it  appeared  to  me  that  the  requirements  of  English 
students  would  be  more  satisfactorily  met  if  the  scope  of  the 
work  were  so  extended  that,  whilst  retaining  all  that  has 
made  it  of  value  to  beginners,  it  might  be  more  useful  to 
those  engaged  in  the  advanced  study  of  the  science.  "With 
this  object  in  view,  the  number  of  pages  has  been  doubled 
by  additions  to  all  four  parts  of  the  book,  but  more  especially 
to  Part  III.  dealing  with  the  Classification  of  Plants. 

Though  the  form  of  Prof.  Prantl's  book  is  still  retained, 
and  here  and  there  paragraphs  from  the  English  edition 
have  been  inserted,  the  present  is  essentially  a  new  and 
distinct  work  for  which  I  alone  am  responsible,  and,  con- 
sequently, on  the  title-page  of  which  my  name  alone 
appears. 

I  would  most  gratefully  acknowledge  the  assistance 
which  I  have  received  from  my  friend  Dr.  D.  H.  Scott, 
P.It.S.,  Honorary  Keeper  of  the  Jodrell  Laboratory,  Eoyal 
Gardens,  Kew,  who  has  kindly  read  the  proofs,  and  has 
famished  me  with  many  valuable  suggestions  and  criti- 
cisms. The  usefulness  of  the  book  is  enhanced  by  the 
incorporation  of  a  number  of  additional  illustrations :  most 
of  these  are  placed  at  my  disposal  by  the  publishers,  from 
their  English  edition  of  Prof.  Strasburger's  Practical  Botany; 
a  few  are  taken  from  various  other  sources  which  are  duly 
acknowledged. 

S.  H.  V. 
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PAET  I. 

MORPHOLOGY. 

Introductory.  The  province  of  morphology  is  the  stndj  of 
the  form  of  the  body  of  plants,  including  the  development  of  the 
body,  the  segmentation  of  the  body  into  members,  and  the  form 
and  mntnal  relations  of  the  members,  as  also  the  intimate  strnc- 
tare  (Anatomy  and  Histology)  of  the  body  and  its  members  in 
so  far  as  structure  throws  light  upon  the  morphology  of  any  part 
of  the  body.  It  is  an  essentially  comparative  study  :  it  classifies 
into  categories  the  members  of  a  plant,  or  those  of  various  plants, 
according  to  their  morphological  nature,  that  is,  according  to  the 
mode  and  relations  of  their  development.  Each  category  consists 
of  homologous  members;  of  members,  that  is,  which  essentially 
agree  in  the  mode  and  relations  of  their  development ;  or,  in 
other  words,  which  are  more  or  less  nearly  equivalent  morphologi- 
cally, because  they  are  of  common  descent. 

There  axe  varioiis  degrees  of  Homology,  that  is,  of  morphological  relationship. 
— General  homology  exists  between  hoxnologoos  members  when  the  one  is  not 
the  precise  equivalent  of  the  other ;  for  instance,  the  sporogoninm  of  a  Moss 
is  generally  homologout  with  a  Fern-plant ;  and  again,  the  sporangium  of  Ljco- 
podinm,  being  borne  singly  on  a  sporophyll,  is  generally  homologout  with  all 
the  sporangia,  coUectiyely,  borne  on  a  sporopbyll  of  an  Osmunda.  Special 
homology  exists  between  two  homologous  members  when  the  oue  is  the  precise 
equivalent  of  the  other.  When  this  is  true  in  detail,  the  special  homology  is 
said  to  be  complete :  for  instance,  the  foliage-leaves,  the  perianth-leaves,  and  the 
sporophylls  of  a  Phanerogam  are  all  tpecially  homologous,  they  all  belong  to 
the  one  category,  lecofee ;  but  complete  special  homology  can  only  exist  between 
the  members  of  each  sub-division  of  the  category,  between  foliage-leaf  and 
foCage-leaf,  perianth-leaf  and  perianth-leaf,  and  so  on.  The  special  homology 
is  incomplete  when  the  members  compared  present  differences  in  detail ;  thus 
between  foliage-leaves,  perianth-leaves,  and  sporophylls  there  exists  incomplete 
special  homology ;  or  again,  the  sporangia  of  eusporangiate  plants  are  incom- 
pletely homologous  with  those  of  leptosporangiate  plants.  Members  may  have 
both  their  general  and  their  special  homologies ;  thus  whilst  the  sporangium 
of  a  Lycopodiom  is  generally  homologous  with  all  the  sporangia  on  the 
sporophyll  of  an  Osmunda,  it  is  specially  homologous  with  each  individual 
sporangium.    Homologous  members  are  termed  the  homologues  at  each  other. 

Morphology  does  not,  however,  include  the  consideration  of  the 
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f onctions  of  the  varioas  members  of  tlie  body,  except  in  so  far 
as  the  form  or  other  morphological  characters  of  any  member  may 
be  affected  by  special  adaptation  to  the  performance  of  some 
particular  function. 

For  instance,  foliage-leaves  and  sporophylls  are  specially  bomologoas ;  but 
their  special  homology  is  incomplete  on  account  of  the  differendes  in  form«  due 
to  special  adaptation  to  their  functions,  which  they  respectively  present.  In 
this  case  essentially  similar  members  come  to  differ  widely : — in  other  cases, 
essentially  dissimilar  members  come  to  resemble  each  other.  For  instance, 
tendrils  are  climbing-organs,  and  are  all  mnch  alike ;  but  they  may  be  of  very 
different  morphological  value ;  eithi»r  modified  branches,  or  leaves,  or  parts  of 
leaves.  Tendrils,  therefore,  are  not  all  homologous ;  but  they  are  all  analogous  ^ 
that  is,  whatever  their  morphological  value  may  be,  they  are  modified  in  the 
same  direction  for  the  performance  of  the  same  function.  Similarly  the 
flattened  stem-segments  of  Opuntia,  and  the  phylloclades  of  Busous,  are  the 
analogues  of  f olia^^e-leaves ;  and  again,  the  subterranean  shoots  of  Psilotmn 
and  the  submerged  leaves  of  Salvinia,  being  absorbent  organs,  are  the  analo* 
gues  of  roots  and  of  each  other. 

From  the  purely  morphological  standpoint  of  development  and 
mutual  relation,  the  various  parts  of  a  plant  are  regarded  as 
members  of  the  body  ;  whilst  from  the  physiological  standpoint 
of  function,  they  are  considered  as  organs  of  the  body,  each  being 
specially  adapted  for  the  performance  of  some  particular  kind  of 
work.  The  more  clearly  the  members  of  the  body  are  marked  off 
from  each  other,  and  the  greater  the  variety  of  them,  the  higher 
is  the  degree  of  morphological  differentiation  which  the  body  pre- 
sents; similarly,  the  more  special  the  adaptation  of  the  organs, 
and  the  greater  the  variety  of  them,  the  more  complete  is  the 
physiological  dtfferentiationy  or  the  division  of  the  physiological 
laboar,  of  the  body. 

A  remarkable  fact  in  the  general  morphology  of  plants,  is  that 
they  are  more  or  less  polymorphic :  that  is  to  say,  a  plant  assumes, 
as  a  rule,  at  least  two  different  forms  in  the  course  of  its  life- 
history.  Most  commonly  it  presents  but  two  forms  which,  while 
they  may  differ  more  or  less  widely  in  form  and  strncture,  differ 
essentially  in  that  the  one,  termed  the  sporophyte^  bears  asexual 
reproductive  organs  which  produce  certain  asexual  reproductive 
cells,  termed  spores^  each  of  which  is  capable  by  itself  of  giving 
rise  to  a  new  organism ;  whilst  the  other,  the  gametophyte,  bears 
sexual  reproductive  organs,  which,  as  a  rule,  produce  sexual  repro- 
ductive cells,  termed  gametes,  which,  though  each  is  by  itself  in- 
capable of  giving  rise  to  a  new  organism,  yet  by  their  fusion  in 
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pairs  form  cells,  of  the  nature  of  spores,  from  each  of  which  a 
new  organism  can  be  developed.  These  two  forms  alternate  more 
or  less  regularly  in  different  plants,  the  asezu ally-produced 
spores  of  the  sporophyte  giving  rise  to  gametophytes,  the  sexnally- 
prodnced  spores  of  the  gametophyte  giving  rise  to  sporophytes. 
Snch  a  plant  is  dimorjjhicy  and  its  life-history  presents  an  alter- 
wUum  of  generations^  that  is,  an  alternation  of  a  sexual  with  an 
asexual  form. 

A  typical  instance  of  snch  alternation  of  generations  is  afforded  by  the  life- 
history  of  a  Moss.  Tbe  sexual  generation  (gametophyte)  is  the  moss-plant 
bearing  the  sexual  reproductive  organs,  male  (antheridium),  and  female 
(vehegoniom),  of  which  the  former  produces  male  reproductive  cells  (spermato- 
zoids),  the  hitter  a  single  female  cell  (oosphere).  As  the  result  of  the  fusion  of 
the  male  cell  with  the  female  cell  (sexual  process),  a  cell,  the  oospore^is  produced 
vhich  is  the  origin  of  the  asexual  generation  (sporophyte)  known  as  the  moss- 
iporogonium.  The  sporogonium  produces  8}>ores  anexuaily,  which,  on  germina- 
tion, each  give  rise  to  a  (at  least  one)  moss-plant  (gametophyte).  The  game- 
tophyte is  thus  always  developed  from  a  spore  produced  asexually ;  the  sporo- 
phyte, from  a  spore  produced  sexually. 

This  kind  of  life-history  obtains  in  the  majority  of  plants,  but  it  may  be  com- 
plicated in  various  ways.  Thus,  the  sexual  generation  may  be  represented  by 
tTo  distinct  forms,  the  one  male  (androphyte),  the  other  female  (gynophyte). 
Again,  in  some  of  the  lower  plants,  the  gametophyte  also  gives  rise  asexually 
tosporeUke  reproductive  cells  {gonidia)^  which  do  not,  however,  enter  into  the 
alternation  of  generations,  for  they  give  rise,  not  to  sporophytes,  but  to  repeti- 
tions of  the  gametophyte.  The  sporophyte  also  may  similarly  repeat  itself, 
tboogh  not  always  in  exactly  the  same  form.  Further,  it  occasionally  happens 
that  the  gametophyte  does  not  actually  produce  sexual  organs  or  cells  at  all, 
though  it  is  essentially  capable  of  doing  so ;  and  successive  generations  of  snch 
gametophytes  may  be  developed  by  means  of  gonidia,  until  at  length  one  arises 
which  is  actually  sexual.  Such  non-sexual  gametophytes  are  designated  poten- 
tial gametophytea. 

Without  entering  into  detail,  the  general  morphological  rela- 
tions between  the  two  generations  may  be  briefly  considered.  In 
the  case  of  the  Moss,  the  morphological  differentiation  of  the 
sporophyte  is,  on  the  whole,  not  much  lower  than  that  of  the 
gametophyte.  In  the  approach  to  morphological  equality  be- 
tween the  two  generations,  the  Mosses  occupy  a  central  position 
in  the  vegetable  kingdom.  For  in  all  plants  higher  in  the  scale 
than  Mosses,  the  morphological  differentiation  of  the  sporophyte 
is  far  higher  than  that  of  the  gametophyte ;  whilst  in  plants  lower 
than  the  Mosses,  the  gametophyte  is,  as  a  rule,  more  highly 
differentiated  than  the  sporophyte.  In  other  words,  whereas  in 
tbe  higher  plants,  the  sporophyte  is  the  form  to  which  the  name 
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has  been  given,  and  on  which  classification  is  based,  in  the  Mosses 
and  the  plants  below  them,  it  is  to  the  gametoph  jte  that  the  name 
has  been  attached,  and  it  is  npon  its  characters  mainly  that  the 
classification  of  these  plants  depends. 

At  this  point  the  question  naturally  arises  as  to  the  morphological 
relation,  if  any,  which  may  exist  between  the  members  of  a  game- 
tophyte  and  those  of  a  sporophyte.  Since,  speaking  generally,  the 
morphological  differentiation  of  the  one  form  has  proceeded  along 
the  same  lines  as  that  of  the  other,  a  certain  correspondence  exists 
between  their  members.  For  instance,  a  foliage-leaf  of  a  Moss 
(gametophyte)  corresponds  to  that  of  a  Fern  (sporophyte) ;  for, 
in  the  forms  to  which  these  leaves  I'espectively  belong,  they 
stand  in  essentially  similar  relations,  both  of  development  and 
position,  to  the  other  members  of  the  body.  But  the  corres- 
pondence does  not  amount  to  relationship,  and  cannot  be  regarded 
as  constituting  homology  as  defined  above  (p.  1).  It  is,  however, 
permissible,  to  this  extent,  to  institute  comparisons  between  the 
various  members,  reproductive  organs,  etc.,  of  the  two  generations. 

The  consideration  of  the  ^polymorphism  of  plants  is  a  most 
important  preliminary  to  the  study  of  their  morphology,  inasmuch 
as  this  knowledge  facilitates  precision  of  statement,  and  prevents 
that  comparison  of  like  with  unlike  which  has  been  so  common 
in  this  department  of  Botany.  For  instance,  since  the  sporophyte 
and  the  gametophyte  of  one  and  the  same  plant  are  generally  very 
different  from  each  other,  it  conduces  to  clearness  if,  when 
reference  is  made  to  the  morphology  of  any  plant,  it  be  de- 
finitely stated  to  which  form  of  it  the  reference  applies.  And 
again,  it  is  impossible  to  institute  sound  morphological  comparisons 
between  the  members  of  different  plants  unless  it  is  clearly  under- 
stood to  which  form,  whether  sporophyte  or  gametophyte,  the 
members  to  be  compared  belong  in  each  case. 

The  most  fundamental  preliminary  consideration  is,  however, 
this — that  the  body  of  a  plant  consists  essentially  of  a  mass,  larger 
or  smaller,  of  living  substance  known  as  protoplasm.  The  body 
may  consist  simply  and  only  of  protoplasm,  without  any  investing 
membrane  to  give  it  a  determinate  form  (e.g,  Myxomycetes) ;  or 
it  may  consist  of  protoplasm  enclosed  by  a  membrane  (e.^.  Phyco- 
mycetous  Fungi  and  Siphouaceous  Algae)  ;  or  it  may  consist,  as 
is  generally  the  case,  of  a  mass  of  protoplasm  segmented  by  par- 
tition-walls into  structural  units  termed  cells.  In  all  these 
possible  cases,  however,  the  form  and  segmentation  of  the  body 
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is  determined  by  the  protoplasm  ;  for  the  cell-walls,  of  which,  in 
maoy  cases,  the  body  largely  consists,  and  which  give  to  it  its  form, 
are  developed  from  and  by  the  protoplasm.  Hence  the  study  of 
the  morphology  of  plants  is  the  stndy  of  the  processes  and  results 
of  the  formative  activity  of  their  protoplasm  ;  and  these  are  to  be 
traced  both  in  the  variety  of  form  presented  by  different  plants, 
and  in  the  various  stages  in  the  development  of  any  one  individual 
plant 
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§  1.  The  Segmentation  of  the  Body.  The  body  of  a  plant 
may  be  either  seffmented  into  members^  or  un segmented.  The 
members  of  a  segmented  body  may  either  be  all  similar,  or  they 
may  be  similar  and  dissimilar.  Segmentation  into  similar 
members  is  termed  branching. 

When  the  body  is  nnsegmented,  or  segmented  only  into  similar 
members  (i.e.  branched),  it  is  termed  a  thallus.  A  plant  of  this 
constitution  is  termed  a  Thallophyte. 

The  primary  segmentation  of  the  body  into  dissimilar  members 
consists  in  the  differentiation  of  shoot  and  root.  A  plant  of  this 
constitution  is  termed  a  Cormophyte. 

The  Root  is  usually  segmented,  but  only  into  similar  members : 
it  occasionally  gives  rise  to  (adventitious)  shoots. 

The  Shoot  may  be  either  nnsegmented,  or  segmented  into 
similar  or  dissimilar  members.  A  shoot  which  is  either  nnseg- 
mented, or  segmented  only  into  similar  members,  is  termed  a 
thalloid  shyot.  A  shoot  which  is  segmented  into  dissimilar 
members  presents  an  axial  member,  the  Wem,  bearing  dissimilar 
lateral  members,  the  leaves ;  stem  and  leaf  may  be  further  seg- 
mented into  similar  members,  that  is,  be  branched ;  such  a  shoot 
is  termed  a  leafy  shoot. 

Though  the  ideas  of  shoot  and  root  are  correlative,  the  one  involving  the 
otlier,  yet  there  are  cases  in  which  the  body  consists  of  shoot  only,  the  root 
being  suppressed;  as  in  the  gametophyte  of  Mosses ;  in  the  sporophyte  of  Salvinia 
and  Psilokom  among  Vascnlar  Giyptogams ;  and  in  Utricularia,  £pipogam,and 
Corallorhiza  among  Phanerogams.  In  many  plants  no  root  is  developed  until 
aftei  the  stem  and  leaves  have  begun  to  appear.  The  shoot,  in  these  cases,  is 
recognized  as  such,  and  is  distinguished  from  a  thallus,  by  being  differentiated 
into  Item  and  leaves. 
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Three  main  types  of  morphological  constitation  may  be  dis- 
tinguished : — 

1.  The  body  is  a  thallns. 

2.  The  body  consists  of  root  and  thalloid  shoot  (two  dissimilar 
members). 

3.  The  body  consists  of  root  and  leafy  shoot  (three  dissimilar 
members). 

These  members  frequently  bear  others  of  secondary  morpho- 
logical importance,  such  as  hairs,  prickles,  and  reproductive 
organs. 

In  highly  organised  plants  the  members  can,  as  a  rule,  be 
readily  distiuguished  from  each  other;  but  in  some  cases  there 
is  difficulty  in  distinguishing  between  leaves  and  branches  of  the 
stem,  between  leaves  and  hairs  or  prickles,  between  roots  and 
branches  of  the  stem,  etc.  This  difficulty  is  especially  great  in  the 
study  of  less  highly  orgfanised  forms  {e.g,  gametophytes  of  Algse, 
Bryophyta,  and  Pteridophyta),  in  which,  whilst  there  is  a  certain 
degree  of  morphological  differentiation,  it  is  insufficient  to 
obviously  indicate  the  morphological  nature  of  the  members.  In 
such  doubtful  cases  an  investigation  of  the  development,  relations, 
and  structure  of  the  member  in  question  is  the  only  method  of 
arriving  at  a  conclusion  as  to  its  morphological  nature.  For  the 
principal  members  of  the  plant,  stem,  leaf,  root,  occupy  certain 
definite  relative  positions  and  present  a  general  co-ordination  of 
structure^  and  ai*e  thus  distinguishable  from  appendages  such  aa 
hairs,  etc.  Moreover,  their  relative  positions  serve  to  distinguish 
them  from  each  other;  and  though  co-ordinate  in  structure,  that 
is,  presenting  a  corresponding  degree  of  complexity  of  internal 
structure,  yet  they  generally  present  distinguishing  peculiarities 
in  the  details. 

The  morphological  characteristics  of  the  principal  members  are 
briefly  these : — 

The  shoot  bears  the  true  (spore-producing)  reproductive  organs. 
It  is  frequently  differentiated  into  stem  and  leaf. 

The  stem  is  the  axial  member  of  the  shoot,  and  bears  the  leaves. 

The  leaf  is  the  lateral  member  of  the  shoot ;  it  is  borne  upon 
the  stem,  but  usually  differs  from  it  in  form  and  details  of 
structure,  though  stem  and  leaf  are  co-ordinate  in  structure. 

The  ideas  of  stem  and  leaf  are  correlative,  the  cue  involving  the  other; 
nevertheless,  in  some  cases  (e,g.  Buscus,  Cacti,  etc.)  in  which  leaves  are,  appar- 
ently, not  present,  the  axis  is  still  termed  a  stem,  because  the  shoot  of  such 
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plaots  is  differentiated  into  stem  and  leaf  at  some  stage  of  deTelopment,  though 
not  in  the  adalt  stage ;  in  many  such  plants,  members  which  accord  with  the 
preceding  definition  of  the  leaf  are  present,  though  they  do  not  present  the 
appearance  characteristic  of  foliage-leaves. 

The  root  never  bears  true  (apore-prodncing)  reproductive  organs. 
Like  the  stem,  it  is  an  axis,  and  it  is  co-ordinate  with  the  stem 
in  stractnre,  but  it  does  not  bear  leaves,  and  its  strnctare  presents 
certain  characteristic  peculiarities. 

It  occasionally  happens  that  one  member  may  directly  assume 
the  characters  of  another.  Thus,  stems  sometimes  assume  the 
form  of  foliage-leaves ;  and  roots  have  been  observed  to  bear 
leaves,  becoming,  in  fact,  leafy  shoots,  in  Anthurium  hngifolium 
and  Neotiia  Nidus- Avis, 

§  2.  Symmetry  of  the  Body  and  of  the  Members. 
Whatever  the  form  of  the  body  or  of  a  member,  it  has  three  axes 
at  right  angles  to  each  other.  When  these  are  all  three  equal, 
the  body  is  a  sphere  (Hasmatococcus,  Volvox,  etc.)  ;  when  two  are 
equal,  and  both  longer  than  the  third,  the  body  or  the  member  is 
a  flattened  circular  expansion  (e.gr.,  Pediastrum,  GoUochmte  scutata) ; 
when  one  is  longer  than  either  of  the  others,  the  body  or  the 
member  is  cylindrical  or  prismatic  when  the  two  shorter  axes  are 
equal,  and  flattened  when  one  of  the  shorter  axes  is  longer  than 
the  other. 

In  most  cases  two  opposite  ends  are  distinguishable  in  the  body 
or  member,  a  bcue  and  an  apex.  The  base  is  in  all  cases  the  end 
bjr  which  the  body  is  attached  to  the  substratum,  and  the 
members  to  each  other,  the  free  end  being  the  apex.  The  axis 
joining  the  base  and  the  apex  is  distinguished,  whether  or  not  it  be 
longer  than  the  other  axes,  as  the  organic  longitudinal  axis.  When 
the  body  has  no  distinction  of  base  and  apex,  there  is  no  organic 
longitudinal  axis ;  but  in  cases  of  this  kind  (e.g.  the  filaments  of 
Spirogyi^a)  the  longest  axis  is  taken  as  the  longitudinal  axis. 

Any  section,  real  or  imaginary,  made  parallel  to  the  longi- 
tudinal axis,  is  a  longitudinal  section;  it  is  a  radial  longitudinal 
section  if  it  includes  the  longitudinal  axis ;  it  is  a  tangential  longi- 
tudinal section  if  it  does  not  include  it.  A  section  made  at  right 
angles  to  the  longitudinal  axis  is  a  transverse  section ;  the  section 
of  the  longitudinal  axis  is  the  organic  centre  of  the  transverse 
section,  and  it  commonly  is  also  the  geometrical  centre  of  the 
transverse  section,  but  occasionally  the  organic  and  the  geometrical 
centres  do  not  coincide.    Thus,  in  transverse  sections  of  tree- trunks, 
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the  annnal  rings  are  comparatively  rarelj  arranged  symmetrically 
around  the  geometrical  centre.  The  longitudinal  axis,  then,  is  a 
line  passing  through  the  organic  centres  of  the  successive  trans- 
verse sections. 

Two  kinds  of  symmetry  may  be  distinguished  ;  the  multilateral, 
including  the  radial;  and  the  bilateral,  including  the  isohilateral 
and  the  zygomorphic.  The  determination  of  the  nature  of  the 
symmetry  of  a  body  or  member  depends  upon  (a)  its  external 
form,  (6)  the  arrangement  and  form  of  the  members  which  it  may 
bear,  (c)  its  internal  structure. 

1.  Multilateral  and  Badial   Symmetry,      Absolute   multilateral 

symmetry  is  only  pre- 
sented by  a  body  or 
member  which  is 
spherical  and  has  no 
distinction  between 
base  and  apex.  For 
example,  the  body  of 
Vol  vox  can  be  divided 
into  symmetrical 
halves  in  any  plane 
passing  through  the 
centre  (Fig.  1.). 

The  more  limited 
form  of  multilateral 
symmetry,  which  may 
be  conveniently  dis- 
tinguished as  radial, 
is  that  which  obtains 
in  cylindrical  bodies 
or  members.  It  is  multilateral  st/mmetry  about  the  longitudinal 
axis.  In  this  case  the  body  or  member  can  be  divided  in  various 
planes  along  the  longitudinal  axis  into  a  number  of  similar 
halves. 

A  mushroom  with  a  central  stalk,  an  apple,  a  cylindrical  tree- 
trunk,  are  radially  symmetrical  as  regards  their  externa]  form. 

As  regards  the  position  of  the  lateral  members,  the  trunks  of 
Firs  and  Spruces,  with  branches  arising  on  all  sides,  are  radially 
symmetrical ;  and,  as  regards  the  form  of  the  lateral  members, 
the  flowers  of  the  Rose  and  of  the  Tulip  are  radial  (see  page  507, 
Symmetry  of  the  Flower). 


.-^2> 
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illastrating  multilateral  vymmetr/. 
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The  transverse  section  nsnally  shows  complete  radial  sjrmmetry 
of  stmcture,  at  least  when  the  member  is  young ;  it  may  become 
somewhat  asymmetrical  when  older,  as  in  the  case  of  the  tree- 
tronks  mentioned  above. 

A  radial  body  or  member  can  be  divided  by  radial  longitudinal 
sections  in  two  or  more  planes,  into  symmetrical  halves,  which  are 
to  each  other  as  an  object  and  its  image  reflected  in  a  mirror 
(in  Fig.  2,  A,  the  halves  obtained  by  the  sections  1-1,  2-2,  3-3, 
4-4,  5-5).  The  possible  number  of  such  similar  halves  is  not 
always  the  same,  but  it  is  in  any  case  at  least  four.  In  a  mush- 
room or  a  fir-stem,  there  are  many  possible  planes  of  symmetrical 
section;  but  in  a  Tulip,  the  sections  being  tAken  through  the 
longitudinal  axis  of  the  floral  leaves,  only  three  are  possible ;  and 


Vi«.  2.— DiaffTammatlc  tranBvene  sectfone  of  A.  an  apple :  B,  a  \ralnat ;  C,  a  peach ;  1-1, 
^  u«  the  planes  of  ejmmetry.  A,  with  five  planea  of  symmetry,  i«  radially  symmetrical ; 
KearpeU  J9,  with  two  planes  of  symmetry,  is  isobilatersl ;  /,  the  sutare;  f,  the  »eed. 
C,  with  a  sinirle  plane  of  symmetry,  is  dorsirentral ;  fi,  dorsal  sarrace ;  B,  ventral  surface ; 
f,  right,  and  I,  left  flanks ;  k,  stone. 

in  an  apple,  if  they  pass  through  the  loculi  of  the  core,  only  five 
(Fig.  2  A). 

The  two  hmlves  are  not  always  as  exactly  alike  as  an  object  and  its  reflected 
image ;  this  is  not  the  case,  for  instance,  in  a  fir-tmnk,  because  the  lateral 
branches  are  not  borne  at  the  same  level.  The  two  halves  are,  however,  essen- 
tially similar.  When,  however,  a  body  is  divisible  in  at  least  two  planes  into 
precisely  similar  halves,  it  is  said  to  be  polytymmetrical, 

2.  Bilateral  Symmetry.  A  body  or  member  is  said  to  be  bilate- 
rally symmetrical  when  it  presents  an  anterior,  a  posterior,  and 
two  lateral  surfaces;  the  lateral  surfaces,  orflanht,  being  different 
from  the  anterior  and  posterior.  Such  a  body  or  member  is 
divisible  into  two  symmetrical  halves,  either  in  two  planes,  or  in 
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one  plane  only;  when  it  is  so  divisible  in  two  planes,  the  halves 
resulting  from  the  section  in  one  plane,  are  different  from  the 
halves  resulting  from  section  in  the  other. 

Bilateral  members  are  distinguished  as  isohilatercU  or  as  zygo- 
morphic  (or  monosymmetrical),  accordingly  as  they  are  symmetri- 
cally divisible  in  two  planes  or  in  one  plane. 

a.  hobilateral  Symmetry.  Isobi lateral  symmetry  is  usually  mani- 
fested in  the  external  form.  Thus,  a  walnut  is  at  once  seen  to  be 
divisible  into  two  symmetrical  halves  by  section,  either  through 
the  suture,  or  at  right  angles  to  this  plane  (Fig.  2,  B)  ;  so  also  a 
flattened  erect  leaf  like  that  of  the  Iris. 

It  may  be  manifested  by  the  position  of  the  lateral  members ;  for 
instance,  in  many  shoots  {e.g.  the  Elm)  the  leaves  are  borne  in  two 
rows,  right  and  left,  one  row  on  each  flank. 

It  may  be  manifested  also  in  the  internal  structure.  Thns,  a 
transverse  section  of  a  walnut  (Fig.  2  B)  shows  that  internal,  as 
well  as  external,  isobilateral  symmetry  exists.  But  this  does  not 
obtain  in  all  cases ;  the  internal  structure  of  isobilateral  leaves  is 
often  not  strictly  isobilaterally  symmetrical. 

b.  Zygomorphic  Symmetry.  A  zygomorphic  or  monosymmetri- 
cal  body  or  member  is  divisible  into  two  similar  halves  in  one 
plane  only.  Of  this  there  are  two  principal  cases  : — first,  that  in 
which  the  anterior  and  posterior  halves  are  similar,  whilst  the 
right  and  left  halves  are  dissimilar,  in  other  words,  when  the 
plane  of  symmetry  is  lateral ;  the  body  or  member  is  then  laterally 
zygomorphic  (e.g.  flower  of  Corydalis)  :  secondly,  that  in  which 
the  anterior  and  posterior  halves  are  dissimilar  whilst  the  right 
and  left  halves  are  similar,  in  other  words,  when  the  plane  of 
symmetry  is  antero-posterior ;  the  body  or  member  is  then  said 
to  be  dorsiventrally  zygomorphic,  or,  briefly  dorsiventral.  Less  fre- 
quently, as  in  some  flowers  (see  page  508,  Symmetry  of  the  Flower), 
the  plane  of  symmetry  is  neither  lateral  nor  antero-posterior,  but 
intermediate  between  the  two,  the  zygomorphy  being  oblique. 

Of  these  possible  forms  of  zygomorphic  symmetry  the  dorsi- 
ventral is  the  most  common.  The  term  is  derived  from  the  use  of 
the  terms  dorsal  and  ventral  to  indicate,  respectively,  the  dissimilar 
anteinor  and  posterior  halves  of  the  body. 

The  application  of  the  terms  dorsal  and  ventral  to  the  two  dissimilar  halves 
of  the  body  or  a  member  requires  some  explanation.  Generally  speaking  the 
under  surface  of  a  dorsiventi  al  body  is  the  ventral,  the  upper  the  dorsal.  In 
the  ease  of  leaves,  however,  the  terms  dorsal  and  ventral  are  used  with  referenoe 
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to  the  parent  stem :  the  upper  or  inner  sarface  is  here  the  yentral,  the  outer 
or  lower  J  the  dorsal. 

The  difference  between  the  dorsal  and  ventral  halves  may  be 
exhibited  in  their  external  form.  Thus,  the  dorsal  and  ventral 
halves  of  many  fruits  (Peach,  Fig.  2  C;  or  a  pea-pod)  may  be 
distingaished  at  once  by  their  form.  Or  the  difference  may  be 
ID  the  natnre  of  the  members  which  they  bear  (Fig.  3)  ;  thns, 
creeping  dorsiventi^al  shoots  commonly  bear  (adventitious)  roots  or 
root-hairs  on  their  ventral,  and  branches  or  leaves  on  their  dorsal 
sarface ;  or  the  one  surface  may  bear  lateral  members,  and  the 
other  none.  Or,  finally,  the  difference  may  exist  in  their  internal 
stracture;  thns,  in  dorsiventral  foliage- leaves,  the  internal  structure 
of  the  dorsal  half  is  different  from  that  of  the  ventral  half. 

It  must  not  be  overlooked 
that  the  tei-ms  radial,  isobi- 
lateral,  and  dorsiventral,  may 
be  all  applicable  to  one  and 
the  same  body  or  member, 
according  to  the  particular 
feature  which  is  taken  into 
consideration.  For  example, 
a  branch  of  the  Silver  Fir  is, 
in  its  general  appearance, 
dorsiventral ;  a  dorsal  and  a 
ventral  half  are  readily  dis- 
tinguishable. But,  since  tho 
leaves  are  arranged  sym- 
metrically around  it,  it  is  in 
this  respect  radial.  Again, 
since  the  lateral  branches 
arise  right  and  left  upon  its 
flanks,  it  is  in  this  respect 
i^bilateral.  Hence  it  is  im- 
portant to  distinguish  clearly 
between  the  symmetry  of  any 
part  of  the  body  as  a  whole,  and  that  of  its  constituent  members. 
Thus  in  many  isobilateral  and  dorsiventral  shoots,  the  stem, 
regarded  by  itself,  is  radially  symmetrical ;  the  isobi laterality  or 
dorsiventrality  of  tho  shoot  being,  in  these  cases,  indicated  only  by 
the  mode  of  arrangement  of  the  leaves  upon  the  stem. 
The  symmetry  of  a  body  or  of  a  member  may  change  in  the 


Fio.  8.— Polysipbonla  (Herposlphonia)  (after 
Naegeli).  To  illa»trate  dorsiventrality.  The 
horizontal  stem  benrs  the  leavea  (J)  on  the 
dorsal  sarface  ;  the  root*hairs  (v)  on  the  ventral 
sarface;  and  the  branches  (a  b  e)  on  the  flanks. 
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course  of  its  development.  For  instance,  the  originally  radial 
lateral  shoots  of  many  trees  and  shrubs  eventually  become  isobi- 
lateral  in  consequence  of  twisting  or  for«ion,  by  which  the  leaves 
come  to  lie  in  two  rows,  one  on  each  flank  of  the  branch  (e.g.  Elm, 
Hornbeam).  Again,  originally  radial  lateral  shoots  may  become 
dorsiventral.  Thus,  in  many  Conifer«B,  the  lateral  shoots  become 
dorsiventral,  as  is  shown  by  the  position  and  the  size  of  the  leaves. 
The  leaves  twist  so  that  their  ventral  surfaces  are  directed  up- 
wards, and  the  leaves  on  the  upper  are  considerably  shorter  than 
those  borne  on  the  under  surface  of  the  branch.  The  same  thing 
occurs  in  many  flowers  {e.g.  Epilobium)  ;  they  are  at  first  radial, 
but  they  become  dorsiventral.  Similarly,  an  isobilateral  member 
may  become  dorsiventral.  The  most  familar  instance  of  this  is 
the  development  of  the  dorsiventral  shoot  of  Marchantia  from  the 
isobilateral    gemmae     again,   many   doi*siventral    leaves    become 


Fio.  4 —Isobilateral  gemma  nf  VarchanHa  in  tranverse  section;  a,  cells  capable  of 
developing  into  root-hairs  ;  «,  growing-point  of  one  side  ;  d,  the  margin  of  the  gomma 
projecting  on  the  farther  side  of  the  depression  in  which  the  growing-point  is  situated 
(after  Pfeffer). 

isobilateral  under  certain  conditions  of  exposure  to  light.  Further, 
creeping  shoots  (e.g.  Acorus  and  Batomns)  may,  in  consequence 
of  torsion,  bear  all  their  leaves  on  the  upper  (dorsal)  surface, 
whilst  the  ventral  surface  bears  roots.  Again,  an  isobilateral 
member  may  become  radial ;  a  stem  which  bears  leaves  onginally 
in  two  rows,  and  is  therefore  isobilateral,  may  subsequently  bear 
leaves  in  many  rows,  thereby  manifesting  its  radial  symmetiy. 
Finally,  a  dorsiventral  member  may  become  radial.  For  instance, 
the  fertile  branches  of  the  dorsiventral  Marchantia-thallus  are 
radial ;  again,  the  branches  of  Phyllocladus  trichomanoides,  are 
under  ordinary  circumstances  dorsiventral,  but  if  they  are  espe- 
cially vigorous  they  may  become  radial. 

The  causes  which  determine  the  symmetry  of  the  body  or  of  a 
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member  are  mainlj  inherent ;  but  it  has  been  ascertained  in  many 
cases  that  external  conditions  have  a  preponderating  influence,  as 
ifl  well  shown  in  the  preceding  instances  of  a  change  of  symmetry 
doe  to  the  intensity  and  direction  of  the  incident  rays  of  light,  or 
(as  in  certain  dorsiventral  flowers)  to  the  action  of  gravity. 

When  a  body  or  a  member  cannot  be  symmetrically  divided  into 
two  similar  halves  in  any  plane  whatever,  it  is  said  to  be  asymmetric. 
The  asymmetry  in  these  cases  is  frequently  associated  with  dorsi- 
Tentrality ;  as  in  some  Mushrooms  {e,g.  Lenzitea  CLbietina)  ;  in 
some  foliage-leaves  which  are  oblique^ 
that  is,  the  right  and  left  halves  of 
which  are  not  symmetrical  (e.g.  Elm, 
some  Begonias)  ;  and  in  some  flowers 
{e.g.  Aoonitum,  Delphinium). 

§3.  The  Development  of  the 
Body  and  of  the  Members.  It 
is  explained  in  a  subsequent  paiu- 
graph  dealing  with  Beprod action, 
that  new  oi^nisms  are  developed 
either  from  what  are  termed  vegetative 
reproductive  organs,  or  from  specialized 
reproductive  cells  termed  spores:  the 
latter  case  only  is  now  considered. 

There  are  certain  important  varia- 
tions in  the  mode  of  development  of 
the  body  from  the  spore.  As  a  rule, 
the  whole  spore  takes  part  in  the  de- 
velopment of  the  body ;  whereas  in  a 
few  plants  (Characeie,  Gymnosperms 
generally)  only  a  portion  of  the  spore 
is  actively  concerned  in  the  process. 
In  the  former  case  the  embryogeny  is 
said  to  be  holohlastic;  in  the  latter 
fneroblaslic. 

Again,  the  spore  gives  rise,  as  a 
role,  to  an  embryo  which  pi*esents  a 
general  similarity  to  the  adult  form  into  which  it  gradually  and 
directly  developes :  such  an  embryogeny  is  direct  or  homoblasiic. 
Bat  in  certain  cases  the  embryo  produced  by  the  spore  differs 
more  or  less  widely  from  the  adult  form,  and  does  not  directly  de- 
velope  into  it,  but  bears  it  as  a  lateral  outgi-owth ;  this  mode  of 
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Fio.6.  Chara/ragiltt  (after  Pi-ings> 
beim,  x4).  HeterobUistio  embryo- 
geaj  :  ap,  apical  portion  of  ehoot  ot 
the  embryo;  r,  primary  root  of  em- 
bryo, springing  from  the  oonpore; 
•r»  secondary  roots ;  I,  leaves  amongst 
which  lies  the  growing-point  of  the 
adult  shoot. 
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embryogeny  is  indirect  or  heterohlastic.  In  illustration  of  hetero- 
blaatic  embryogeny  may  be  mentioned  the  Characeae,  where  tho 
oospore  gives  rise  to  an  embryo  (sometimes  termed  proembryo)  of 
limited  development,  upon  which  the  ad  alt  sexual  form  arises  as  a 
lateral  branch  (Pig.  6)  ;  the  Mosses,  where  the  spore  gives  rise  to 
a  filamentous  embryo  (the  protonema),  upon  which  the  adnlt 
Moss-plants  arise  as  lateral  branches :  similarly,  Lemanea  and 
Batrachospermum  among  the  Red  Seaweeds,  where  the  spore  gives 
rise  to  a  filamentous  embryonic  form  (Chantransia-form)  which 
bears  the  adult  form  as  lateral  branches.  Traces,  more  or  less 
distinct,  of  this  mode  of  embryogeny  are  also  to  be  found  in  the 
development  of  the  prothallium  of  some  Ferns,  which,  in  its  early 
stages  at  least,  is  filamentous  and  protoneuial  (see  further  under 
Filicinoe). 

Whilst  the  foregoing  striking  instances  of  heteroblastic  embryo- 
geny all  refer  to  the  gametophyte  or  sexual  generation,  indications 
of  a  similar  embryogeny  are  not  wanting  in  the  case  of  the  sporo- 
phyte.  Among  the  lower  plants  something  of  the  kind  is  offered 
by  Cutleria  ( Ph8Bophyce89)  where,  from  the  zygospore,  a  club- 
shaped  body  is  developed,  from  which  spring  the  fiat  horizontal 
branches  constituting  the  sporophyte.  But  a  more  important  in- 
stance is  that  of  certain  of  the  higher  Pteridophyta  (Selaginella 
and  Lycopodium)  and  of  the  Phanerogams  generally,  where  the 
oospore  gives  ris^  on  germination,  in  the  first  instance,  to  a  more 
or  less  elongated  filamentous  body  termed  the  suspensor,  at  the  ex- 
tremity of  which  the  embryo  is  eventually  developed. 

From  these  forms  the  transition  is  easy  to  those  in  which  the 
embryo,  whilst  developing  directly  and  continuously  into  the  adult 
form,  possesses  organs  which  are  limited  in  their  duration  to  the 
embryonic  stage :  such  are  the  foot  of  Bryophyta  and  of  most 
Pteridophyta;  the  pegs  or  feeders  of  the  seedlings  of  Welwitschia, 
Gnetum,  Cucuinis,  etc. ;  and  the  primary  leaves  (cotyledons), 
though  in  some  forms  they  persist  for  a  considerable  time. 

Without  entering  at  present  into  the  details  of  embryogeny,  it 
may  be  pointed  out  that  there  are  three  principal  modes  in  which 
the  development  of  the  embryo  from  the  spore  may  t^ke  place. 
There  is,  first,  that  in  which  the  spore  grows  ont  into  a  filament, 
septate  or  unseptat«,  as  generally  in  the  Fungi,  the  filamentous 
Algse,  the  gametophyte  of  the  Mosses  and  Ferns,  the  male  game- 
tophyte (pollen- tube)  of  Phanerogams,  the  sporophyte  of  most 
Phanerogams  (suspensor) ;  secondly,  that  in  which  the  spore  grows 
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at  first  in  all  dimensions  and  undergoes  repeated  division  in  two 
or  three  perpendicular  meridian  planes,  thas  giving  rise  to  a  bodj 
which  is  either  a  flattened  expansion  (e.g.  species  of  Coleochaete)  ; 
or  a  mass  of  cells  (e.g.  Vol  vox,  Facns ;  sporophjte  of  Mosses  and 
Vascular  Cryptogams)  ;  thirdly,  that  in  which  free  cell -formation 
t^ikes  place  within  the  spore,  the  cells  eventually  forming  the 
body  of  the  embryo  {e.g.  Hydrodictyon ;  female  gametophy  te  of 
Phanerogams ;  sporophyte  of  Cycadacesd  and  of  Ginkgo). 

a.  The  Development  of  the  Primary  Members.  With  regard  to 
thallophytic  plants,  it  suffices  to  state  that  the  primary  member  of 
the  thallns  takes  origin  from  the  spore  in  one  or  other  of  the  pre- 
ceding modes. 

In  the  case  of  cormophytic  plants,  the  first  step  is  the  differentia- 
tion of  the  body  of  the  embryo  into  primary  shoot  and  the  primary 

TOfii. 

In  anseptate  plants,  such  as  the  Siphonaceaa  (Algae),  the  process 
of  s^mentation  into  primary  shoot  and  root  is  simple  ;  the  spore 
merely  grows  out  into  the  shoot  at  one  end,  and  into  the  root  at 
the  opposite  end.  In  septate  plants  the  segmentation  is  in  many 
cases  clearly  indicated  (as  in  Fucus,  sporophyte  of  most  Vase  alar 
Cryptogams,  etc.),  by  the  formation  of  a  wall,  termed  the  basal 
»aZ2,  which  divides  the  spore  into  two  cells.  From  one  of  these, 
termed  the  epibasaX  cell,  the  shoot  is  developed  ;  from  the  other, 
termed  the  hypobasal  cell,  the  root  is  developed. 

Whatever  the  mode  in  which  the  differentiation  of  the  primary 
shoot  and  of  the  piimary  root  takes  place,  the  relation  between 
them  is  in  all  cases  such  that  their  longitudinal  axes  form  one  straight 
line^  with  the  growing-point  of  the  shoot  at  one  end,  and  that  of 
the  root  at  the  other. 

The  segmentation  of  the  body  of  the  embiyo  into  root  and  shoot  is  nsnally 
pennaaent,  but  in  many  plants  which  do  not  grow  attached  {e.g.  Spirogyra, 
L^ig.  6] ,  and  other  Zygnemes)  it  is  only  to  be  observed  in  the  early  stages  of 
development. 

In  some  cormophytic  plants  no  primary  root  is  developed,  e.g.  gametopliyte 
of  Mosses ;  sporophyte  of  Sidvinia  and  Psilotum,  among  Vascular  Cryptogams ; 
Wo'Jia  arrhiMa,  Utrlcularia,  and  Orchidd,  among  Phanerogams. 

In  those  cormophytes  in  which  the  shoot  is  differentiated  into 
Btem  and  leaf,  the  diffei*entiation  takes  place  at  an  early  stage  of 
development.  The  primary  shoot  undergoes  differentiation  into  a 
primary  stem,  and  one,  two,  or  more,  primary  leaves.      A  primary 
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leaf  which  is  thns  contemporarj  in  origin  wifch  the  primary  stem 
is  termed  a  cotyledon.  The  cotyledons,  as  embryonic  members, 
differ  more  or  less  widely  in  form  from  the  ordinary  foliage-leaves 
of  the  adult  plant. 

6.  Growth.  The  development  of  the  embryo  into  the  adalt  or- 
ganism is  effected  by  the  further  growth  of  the  primary  members, 
and  by  the  development  of  secondary  members. 

When  the  adult  form  is  small  and  lowly  organised,  the  process 
oF  growth  may  consist  merely  in  a  slight  increase  in  size  of  the 
cell  or  cells  constituting  the  embryo.  But  where  the  adult  form 
is  relatively  large,  the  process  of  growth  involves  also  a  consider- 
able increase  in  the  mass  of  the  protoplasm  of  the  embryo.  Thus, 
in  the  development  of  a  tree  such  as  an  Oak,  not  only  is  there  an 


Fio.  6.—Yoaiig  plant  of  Spirogjra,  showing   temporary  differeniiaUon  into  root  and 
shoot ;  the  root-end  is  still  in  the  sygospore  (after  Pringsheim,  x  125). 

increase  in  size  of  the  cells  of  the  embryo,  but  there  is  also  a 
formation  of  additional  protoplasm  and  therefore  also  a  formation 
of  additional  cells.  The  formation  of  new  protoplasm  takes  place 
at  first  throughout  the  body  of  the  embryo,  that  is,  inter stitially^ 
the  whole  protoplasm  being  in  the  embryonic  condition ;  but 
gradually  more  or  less  of  the  protoplasm  passes  over  into  the 
adult  condition,  and  in  those  parts  no  further  formation  of  addi- 
tional  protoplasm  or  cells  takes  place.  In  some  cases  {e.g.  Vol  vox) 
the  whole  protoplasm  passes  over  simultaneously  into  the  adult 
condition  ;  but  more  commonly  certain  portions  of  the  protoplasm 
remain  embryonic  for  a  longer  or  shorter  time.  These  persistent 
embryonic  regions  are  termed  growing -points.     At  first  they  are 
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near  together,  but  as  growth  proceeds  they  become  more  and 
mere  widelj  separated  by  the  increase  in  the  adnlt  portion  of  the 
body.  In  a  few  cases  (e.g.  Spirogyra,  and  some  other  filamentous 
Alg»)  all  the  cells  remain  embryonic,  the  growth  in  length  of  the 
filament  being  effected  by  the  transverse  division  of  the  cells  and 
the  subsequent  elongation  of  the  new  cells  formed. 

The  primary  function  of  the  growing-point  is  to  increase  the 
size,  more  especially  the  length,  of  the  member  to  which  it  be- 
longs ;  but  where  the  body  is  segmented,  the  growing-points  are 
also  the  seat  of  development  of  the  secondary  membeirs. 

The  embryonic  regions  of  the  body  are  termed  "  growing-pot«^*  ** 
because  they  are  most  commonly  situated  at  the  apex  of  the  mem- 
bers. Thus,  in  a  cormophytic  embryo,  there  is  a  growing- point  at 
the  apex  of  the  primary  stem,  and  one  at  the  apex  of  the  primary 


./ 
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Fia.  7,— GrowInir-polntB  showing  development  of  secondary  members.  A,  apical  grow, 
ioi?  point,  with  apical  cell,  ot  Stypocaulon  •eoparium(xdO).  B,  intercnlary  growing-point 
(where  the  transverse  lines  are  close  together)  of  Denmarntia  ligulata  in  longitudinal 
section  (x60).  C,  apical  growing-point,  with  apical  cell,  of  Chcetopterit  plumoM  (x40), 
after  Palkenberg). 


it)ot.  But  this  is  not  necessarily  the  case.  The  gi-o wing- point 
may  be  situated  between  the  ba<«e  and  the  apex,  as  in  some  Algce 
{e.g.  Ectocarpus  and  Laminaria),  and  in  leaves  (e.g.  Grasses, 
Onion,  Iris,  etc.),  when  it  is  termed  an  intei-calary  growing-point. 
In  some  cases  both  an  apical  and  one  or  more  intercalary  grow- 
ing.points  co-exist,  as  in  the  stem  of  Hippuris,  Myriophyllum,  etc. 

One  of  the  most  remarkable  instances  of  an  intercalary  grow- 
ing-point is  that  occurring  in  connection  with  the  development 
of  hollow,  more  or  less  tubular  structures  (e.g.  inferior  ovaries, 
** calyx- tube  "  of  Rosaceaa,  gamopetalous  corollas,  inflorescence  of 
the  Fig,  pitchered  leaves  of  Nepenthes,  Utricularia,  etc.).     Taking 

v.s.  B.  C 
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the  case  of  a  hollow  floral  receptacle  (whether  inferior  ovary  or 
"  caljx-tube '*),  when  the  apical  growth  of  the  axis  is  arrested,  a 
zone  of  embryonic  tissue  lying  close  behind  the  apex  gives  rise  to 
a  projecting  ring  of  tissae,  which,  by  continued  basal  growth,  be- 
comes a  tube  enveloping  the  apex  of  the  shoot.  (For  the  case  of  a 
gamopetalous  corolla,  see  Fig.  21,  p.  37). 

In  the  case  of  a  body  or  a  member  which  assumes  a  flattened 
expanded  form,  the  peripheral  growth  is  effected  by  the  marginal 
cells,  which  remain  embryonic  for  a  longer  or  a  shorter  time  ;  when 
the  body  or  member  has  no  definite  axis  of  growth  {e,g.  gametophyte 
of  ColeochcBte  scuiata,  and  that  of  Anthoceros)  the  growth  is  en- 
tirely marginal ;  but  where  there  are  special  axes  of  growth  (e.g. 
foliage-leaves,  some  fem-prothallia,  sexual  plant  of  Marchantiaceae) 
growth  takes  place  both  marginally  and  by  means  of  definite 
growing-points. 

The  occurrence  of  apical,  intercalary,  or  marginal  growing- 
points  is  general;  but  it  is  only  in  a  few  cases  that  there  is  in  a 
member  a  growing-point  which  effects  growth  in  thickness.  It 
is,  in  fact,  the  general  rule  that,  when  a  member  has  attained  its 
definitive  size,  it  does  not  increase  in  thickness.  But  to  this  rule 
there  are  certain  constant  exceptions.  Thus,  the  stems  and  roots 
of  perennial  Dicotyledons  and  Gymnosperms,  as  well  as  those  of  a 
few  Monocotyledons  and  Pfceridophyta,  grow  thicker  year  by  year 
by  means  of  a  layer  of  embryonic  cells,  forming  a  hollow  cylinder, 
and  lying  at  some  little  distance  within  the  external  surface 
(see  Part  II.).  This  layer,  unlike  other  growing-points,  does  not, 
however,  give  rise  to  secondary  members. 

In  the  apical  growing-point  of  m.any  m.ulticellular  plants,  as  in 
those  of  some  Algae  (e.g.  Sphacelaria,  Chara)  of  the  Bryophyta, 
and  of  most  Pteridophyta,  there  is  one  cell,  situated  in  the  organic 
centre  of  the  growing- point,  and  distingaished  from  the  other 
embryonic  cells  by  its  size  (Fig.  S  A,  C).  This  is  the  apical  cell. 
In  some  cases  there  is  a  group  of  such  apical  cells  (e.g.  species 
of  Selaginella).  In  these  cases,  all  the  new  cells  formed  in  the 
growing-point  are  derived  from  the  apical  cell  or  cells,  from 
which,  as  they  grow,  segments  are  continually  being  cut  off  by 
cell-division. 

The  length  of  time  during  which  a  growing-point  remains  em- 
bryonic is  not  the  same  in  all  cases.  It  may  either  persist  through- 
out the  life  of  the  plant,  as  is  often  the  case  in  primary  shoots 
and  roots,  when  the  growth  of  the  member  is  said  to  be  unlimited', 
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or  it  maj  sooner  or  later  pass  over  into  the  adalt  condition,  when 
the  growth  of  the  member  is  said  to  be  limited.  Leaves  usually 
have  limited  growth ;  occasionally  roots  (e,g,  the  primary  roots  of 
Monocotyledons),  and  also  shoots  (e.g.  dwarf-shoots). 

c.  The  Development  of  the  Secmidary  Members.  After  the  differ- 
entiation of  the  primary  members  of  the  embryo,  all  other  membei-s 
are  developed  from  them  and  are  generally  termed  secondary. 

When  the  segmentation  of  the  body  is  complex,  various  orders  of  members 
may  be  distinguished.  Members  borne  directly  on  the  primary  members  are 
eaid  to  be  secondary  members  of  the  fint  order ;  those  borue  on  secoadary 
members  of  the  first  order  are  said  to  be  of  the  second  order ^  aud  so  on. 

Two  kinds  of  secondary  members  may  be  distinguished :  the 
normal  and  the  adventitious.  The  distinction  depends  upon  (a) 
the  place  of  origin,  and  (Jb)  the  order  of  development  of  the  mem- 
bers. For  instance,  when  a  stem  or  a  leaf  bears  a  root,  that  root 
is  adventitious,  because  secondary  roots  are  typically  only  pro- 


A  B  C 

Fi«.  a— Dichotomoos  brancbing  of  Dietyota  dichotoma  (after  Naegeli).  A,  growing- 
potntwith apical  cell  bofore  division;  B,  gromng.point  with  dirided  apical  cell;  C,  de- 
velopment of  the  dichotomooa  branches. 

duced  by  primary  root«  ;  again,  when  a  member  is  developed  out 
of  its  proper  order,  that  member  is  adventitious. 

Secondary  members  may  or  may  not  be  developed  from  the 
growing-point  of  the  parent  member. 

The  normal  secondary  members  are  developed  from  the  growing- 
point  of  the  parent  member. 

The  growing-point  may  produce  secondary  members  either  by 
dividing  into  two  (dichotomy)  or  by  lateral  outgrowth. 

The  result  of  dichotomy  is,  in  all  cases,  to  give  rise  to  new  mem- 
hers,  which  are  similar  to  the  parent  member  and  to  each  other. 
In  no  case  are  morphologically  dissimilar  members  produced  by 
dichotomy.    Dichotomy  is  therefore  a  form  of  branching  (see  p.  6). 

The  product  of  lateral  development  may  be  either  a  similar  or  a 
dissimilar  member ;  if  the  former,  it  is  a  case  of  lateral  branching. 

The  normal  secondary  lateral  members  of  the  shoot  (i.e.,  leaves  and 
hranches)  make  their  appearance,  in  most  cas3s,  as  outgrowths 


20 


PART   I. — THE   MOEPHOLOOr  Of  PLAMS. 


[§3. 


from  the  growing-point  of  the  parent  member,  whether  the 
growing- point  be  apical  or  intercalary  (as  in  Ectocarpus  and 
other  PhsBosporesB  (Fig.  7)  ;  in  other  words,  they  are  developed 
excffjenously.  This  is  always  true  of  leaves,  but  there  are  cases  in 
which  normal  branches  are  developed  from  internal  cells  of  the 
growing- point,  and  have  therefore  to  penetrate  the  external  layers 
of  tissue  before  reaching  the  surface  {e.g.  Polyzonia,  Amansia, 
Vidalia,  Rhytiphloea  among  the  Red  Seaweeds). 

When,  as  is  commonly  the  case,  the  leaves  are  formed  in  rapid 

« accession  at  the  growing- 
point  of  a  developing  leafy 
shoot,  it  makes  its  appear- 
ance  in  the  first  instance  as 
•a  had,  consisting  of  a  short 
axis  bearing  a  number  of 
young  and  still  small  leaves 
closely  packed  together.  lu 
consequence  of  the  more 
active  growth  at  this  stage 
of  the  under  (doi'sal)  sides 
of  the  leaves,  they  bend 
ever  the  apical  growing- 
ipoint  of  the  shoot,  and  over- 
lap each  other.  Commonly 
some  of  the  external  leaves, 
or  portions  of  them,  are 
modified  into  hud-scales  for 
the  protection  of  the  bud. 
As  a  rule  the  leafy  branch 
does  not  develope  in  the 
first  year  beyond  the  bud-stage. 

Buds  may  be  distinguished,  according  to  their  position,  as 
terminal  or  lateral;  but  it  must  be  borne  in  mind  that  a  bud 
which  is  latei'al  on  the  parent  shoot  is  the  terminal  bud  of  a 
lateral  shoot.  Sometimes  the  primary  shoot  of  the  embryo  has  a 
terminal  bud,  which  is  designated  the  plumule.  The  terminal  bud 
may  either  pass  gradually  over  into  the  fully  grown  portion  of  the 
shoot  behind  it,  as  in  the  herbaceous  shoots  of  annual  plants ;  or 
it  may  be  sharply  marked  off  from  the  older  part  of  the  shoot,  as 
may  be  clearly  seen  in  the  winter-buds  of  shrubs  and  trees,  in 
consequence  of  the  periodical  arrest  of  the  growth  of  the  shoot. 


Fio.  9.  —  Diagrammatic  longitadinal  section 
throagh  the  growing-poiut  of  a  otem  ;  b,  the 
]eave« ;  fcn,  their  axillary  buds ;  «,  epidermis ;  /, 
fibrovascular  bundles  ;  r,  the  cortex ;  pi,  plerome ; 
m,  pith. 
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The  point  at  which  a  leaf  is  developed  on  the  stem  and  remains 
attached  is  termed  the  ittserlton  of  the  leaf ;  and  the  insertion  of  a 
leaf,  or  those  of  two  or  more  if  at  the  same  level,  marks  a  node  of 
the  stem,  and  the  portion  of  the  stem^  whether  long  or  short,  be- 
tween two  consecutive  nodes  is  the  intemode.  When  two  or  more 
leaves  are  inserted  at  each  node,  or  when  the  single  leaf  has  a 
broad  sheathing  insertion  {e.g.  Grasses),  the  nodes  of  the  stem  are 
stronglj  marked,  giving  it  a  jointed  appearance. 

The  normal  secondary  lateral  members  of  the  root  are  not  developed 
directly  from  the  growing-point  of  the  parent  root,  bub  at  some 
distance  behind  it  where  the  tissues  are  already  differentiated. 
They  are  developed  endogenously ;  that  is  to  say,  the  growing- point 
is  formed  by  the  division  of  one  or  more  cells  belonging  to  an  in- 
ternal layer  of  tissue  of  the  parent  root,  so  that  the  young  root 
has  to  peneti'ate  the  cortical  tissue  before  reaching  the  surface. 

Adf}€niitious  members  are  of  frequent  occurrence,  and  are 
generally  not  developed  from  the  growing-point  of  the  parenit 
member,  bat  their  growing-points  are  new  formations. 

Adventitious  branches  may  be  developed  on  the  margin  or  sur^ 
face  of  a  thallus  (e.g.  Metzgeria,  Pellia,  etc.). 

Adventitious  shoots  are  commonly  developed  from  the  caUus  (see 
page  214)  which  covers  the  cut  surfaces  of  wounded  parts  (e.g. 
development  of  shoots  from  pieces  of  leaves  of  Begonia,  Achimenes, 
etc.);  or  they  may  be  developed^  independently  of  any  injury, 
on  a  leaf  (e.g.  Aspidium  Filix  MaSy  Bryophyllum  calycinum^ 
Cardamine  pratensis,  etc.) ;  or  on  a  root,  as  in  a  large  number  of 
trees  and  other  plants :  the  development  of  adventitious  branches 
00  a  stem  is  comparatively  rare  (e.g.  Psilotum,  Begonia;  some 
Liverworts,  such  as  Jungermannia  bicuspidata,  etc.). 

Adventitious  shoots  are,  in  most  cases,  developed  exogenously ; 
hot  endogenous  development  has  been  observed  (e.g.  in  some 
Liverworts,  in  roots  of  Anemone  sylvesirls,  Ailanthus  glandulosa, 
Sium  latifolium).  In  some  cases  they  are  formed  by  the  direct 
eonversiou  of  the  growing-point  of  a  root  (e.g.  Neottia  Nidus- Avis, 
t'Otaselum  tridentatum,  see  p.  7). 

The  troe  adventitioas  shoots  shoald  be  clearly  distinguished  from  those 
^parently  adventitioas  shoots  which  are  due  to  the  overgrowth  of  a  normal 
but  domant  bad  (see  p.  32)  by  the  sarroundiog  tissues  {e.g.  Equisetum, 
QltHUehia  sinensu  and  triaeanthtu,  Symphoricarput  vulgaris,  etc.). 

Adventitious  roots  may  be  developed  from  a  callus,  or  from  leaves 
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(e.g.  Cardamine  prcUetutig),  or,  more  commonly,  from  stems,  some- 
times from  the  growing-point  of  the  stem  (e,g,  Isoetes,  Angio- 
pteris,  etc.) ;  thej  are  usually  of  endogenous  origin,  but  some- 
times of  exogenous  (e.g.  Nasturtium  qfficinalej  Cardnmine  pratensis, 
Neottia  Nidus-Avis,  Phylloglossum,  Lycopodium  cemuum). 

In  some  few  cases,  the  segmeutation  of  a  member  into  similar  members, 
takes  place  neither  by  lateral  nor  by  diohotomous  developmenti  but  by  an  alto- 
gether peculiar  process.  For 
instance,  a  portion  of  the  full- 
grown  thalloid  shoot  of  some 
Laminarieae  is  segmented  ipto 
similar  members.  To  begin 
with  it  is  nnsegmenied;  bnt 
it  gradually  splits,  by  degener- 
ation of  rows  of  cells,  into  seg- 
ments which  remain  united 
only  at  the  base.  The  same 
thing  occurs  in  the  leaves  of 
some  Palms  and  Aroids  (e.g. 
Philodendron). 


The  members  when 
once  formed  commonly 
persist ;  but  frequently 
they  become  separated 
and  fall  off  after  a  time, 
when  they  are  said  to  be 
deciduous.  The  most 
common  instance  is  that 
of  foliage -leaves.  In 
most  perennial  plants 
the  foliage-leaves  all  fall 
o£P  in  the  autumn ;  but 
in  some — the  evergreen 
trees  and  shrubs  —  the 
leaves,  which  may  last 
for  more  than  one  year, 
do  not  all  fall  off  at  the 
same  time.  Those  parts  of  the  plant  which  are  connected  with 
reproduction  are  especially  deciduous;  for  instance,  shoots  which 
subserve  vegetative  reproduction,  the  leaves  constituting  the  peri- 
anth of  flowers,  sometimes  the  whole  inflorescence  (e.g.  catkin), 
sometimes  the  fruit  (e.g.  cheiTy),  seeds,  etc.      When  a  member 


Fio.  10. — LamtnaWa  digilata  (after  Harvey  ;  mnch 
reduced).  The  intercalary  growing'point  is  sitnaled 
at  the  junction  of  the  old  frond  (6)  with  the  new  frond 
(«) ;  a  is  gradually  splitting  into  segments. 
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thus  falls  off  it  leaves  a  more  or  less  permanent  scar ;  the  sear  on 
a  node  which  marks  the  position  of  a  fallen  leaf  is  termed  a  leaf- 
scar  (see  p.  215). 

Hairs  and  reprodnctire  organs  are  generally  developed  as 
lateral  outgrowths  npon  the  members,  bat  occasionallj  thej  are 
dereloped  terminally  from  the  apical  growing-point,  in  some 
cases  directly  from  the  apical  cell.  They  are  commonly  de- 
veloped from  one  or  more  superficial  cells,  but  in  some  cases  the 
deeper  layers  of  cells  take  part  in  their  formation. 

i  The  Order  of  Development  of  the  Lateral  Memhers.  Lateral 
members,  with  the  exception  of  those  which  are  developed  adven- 
titiously, are  developed  in  a  definite  order.  The  rule  is  that  they 
are  developed  in  such  an  order  that  the  youngest  are  nearest  to 
the  growing-point,  whether  the  growing- point  be  apical  or  inter- 
calary.    This  order  is  termed  progressive  succession. 

When  the  growing-point  is  apical,  the  youngest  lateral  members 
are  nearest  the  apex ;  this  form  of  progressive  succession  is  termed 
acwpetal  (see  Fig.  7  C). 

When  the  growing-point  is  intercalary  (Fig.  7  I?),  the  lateral 
members  may  be  developed  on  one  side,  or  on  both  sides,  of  the 
growing- point.  When  the  growing- point  is  near  to  the  base  of 
the  parent  member,  the  lateral  membei*s  are  developed  above  it ; 
that  is,  in  basipetal  succession.  When  the  growing-point  is  in 
the  middle  of  the  parent  member,  the  lateral  members  are  de- 
Teloped  both  above  and  below  it. 

Occasionally,  particularly  in  the  lower  plants  and  in  connexion 
with  the  production  of  the  reproductive  organs,  the  law  of  pro- 
passive  succession  is  deviated  from  by  the  intercalary  develop- 
ment of  members  between  those  already  formed. 

§  4.  Arrangement  of  Lateral  Members  on  a  Common 
Axis.  The  relative  position  of  members  borne  on  a  parent  mem- 
ber, which  may  be  conveniently  designated  the  common  axis,  may 
be  regarded  from  two  points  of  view :  in  relation  either  to  the 
long  axis,  or  to  the  surface  of  the  parent  member. 

In  the  former  case,  similar  lateral  members  may  arise  singly, 
at  any  given  level,  or  several  together ;  the  former  is  termed  the 
tcattered  arrangement,  the  latter  the  wlun-ledy  the  group  of  lateral 
members  at  the  same  level  constituting  a  whorl  (Fig.  11).  In 
accordance  -with  the  law  of  progressive  development,  it  may  be 
inferred  that  tbe  members  of  a  whorl,  inasmuch  as  they  are  all  at 
the  same  distance  from  the  growing-point,  are  all  of  the  same  age. 
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ThiR  18  actually  true  in  manj  cases,  and  such  whorls  are  said  to 
be  simultaneous.  There  are,  however,  what  are  termed  successive 
whorls  ;  whorls,  that  iff,  the  constituent  members  of  which  are  not 
developed  simultaneously,  but  in  a  definite  sequence  {e.g.  leaf- 
whorls  of  CharaceflB).  These  must  not  be  confounded  with  spuri- 
ous whorls,  which  arise  in  this  way,  that  members  which  were 
orifz^inally  developed  at  different  levels,  come,  by  subsequent  dis- 
placement, so  to  approach  each  other  that  they  appear  to  stand 
at  the  same  level  (e.g.  the  uppermost  leaves  on  the  stem  of  LUium 
hulbiferumj  and  the  so-called  whorls  of  branches  of  the  Conifer©). 

The  arrangement  of  the  lateral  members  upon  the  surface  of 
the  parent  member  is  intimately  connected  with  the  symmetry 

of  the  parent  member,  as  already 
indicated  in  §  2.  The  three  forms 
of  symmetry  will  be  considered 
separately,  regard  being  had  ex- 
clusively to  lateral  members  de- 
veloped in  progressive  succession. 

1.  Radial  Arrangement.  Begin- 
ning with  the  whorl ed  arrange- 
•  ment,  it  must  be  noticed,  in  the 
first  place,  that  the  members  of  a 
whorl  are  all  similar,  and  are 
arranged  symmetrically  on  the  cir- 
cumference of  the  parent  member. 
If  a  whorl  consists,  for  instance,  of 
two  members,  they  are  placed  ex- 
actly opposite  to  each  other  on  the 
surface  of  the  stem,  and  the  dis- 
tance between  them,  measured  from 
the  points  of  insertion,  will  amount 
to  just  half  the  circumference  of 
the  stem.  Similarly,  if  the  whorl  consist  of  three  or  four  members, 
the  distance  between  any  two  adjacent  members  will  be  one-third 
or  one- fourth  of  the  circumference,  and  so  forth.  The  lateral 
distance  between  the  points  of  insertion  of  two  adjacent  mem- 
bers, measured  on  the  circumference  of  the  stem,  is  called  their 
divergence,  and  it  is  expressed  in  fractions  of  the  circumference. 

Moreover,  it  is  a  rule,  though  not  without  exceptions,  that  the 
successive  whorls  alternate,  so  that  the  members  of  any  whorl  lie 
opposite  to  the  intervals  between  the  members  of  the  whorls  above 


Fig.  11.— Stem  of  Lamiam  with  whorls 
of  two  leaves  ;  1-1, 2-2,  a-3,  the  succes- 
sive whorls. 
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aud  below  it.    Thus  the  members  of  alternate  whorls  are  exactly 
above  each  other  (Fig.  11). 

This  arraDgement,  as  in  fact  all  relations  of  position,  may  be 
very  plainly  exhibited  by  means  of  diagrams  (e.g.  Figs.  12-14). 
Sach  a  diagram  consists  of  a  groand-plan  of  the  stem,  regarded  as 
beiD^  a  cone,  and  looked  at  from  above :  the  insertion  of  each 
member  will  lie  opon  one  of  a  series  of  concentric  circles,  and  the 
higher  the  insertion  of  the  member  upon  the  stem,  the  nearer  to 
the  centre  will  be  the  circle  of  tho  diagram  npon  which  its 
insertion  is  indicaied. 

It  may  be  perceived  in  the  diagram  Fig.  12-,  that  when  the  mem- 
bers are  arranged  in  alternate  whorls  they  form  twice  as  many 
longitudinal  series  on  the  stem  as  there  are  members  in  each 
whorl,  provided,  of  coarse,  that  the  number  of  members  in  each 
whorl  is  the  same.  The  longitudinal  series,  which  are  indicated 
in  the  diagram  by  radii,  are  called  or- 
thoitichiet. 

This  particular  arrangement  of  alter- 
nate whorls  of  two  members  occurs  very 
frequently,  and  is  termed  the  decussate 
arrangement.  The  two  members  of  each 
whorl  are  said  to  be  opposite. 

Examples  of  altematinfir  wborls  are  afforded* 
1>7  the  leaves  of  the  Characeie,  of  Equisetum,  and-         Fie.  13:— Diagram  of  a  shoot 
ofHippuris.    InsUnces  of  whorls  of  three  mem-       ^i^^     alternate     two  -  leaved 

ber.  are  found  in  the  leaves  of  the  common      7^*^°'^  .  ^' V'A'^IVT' T 

thostichies.    1. 1,  2.  2,  3»  3,  etc.. 
Jumper.    Decussate  leaves  occur  m  most  Caryo-      ^^^  8ucce*»ivo  whorU. 
phyllacee,   Syringa    (Lilac)s  Lonicera   (Honey- 
rackle),  Ash,  Maple ;  in  the  last  named  the  lateral  branches  are  also  decussate. 

It  is  comparatively  rare  for  eqnal  snocessive  whorls  to  be  super- 
pcsed;  that  is,  that  the  members  of  each  whorl  lie  exactly  above 
or  below  those  of  the  others,  so  that  there  are  only  as  many  ortho- 
stichies  as  there  are  members  in  each  whorl.  This  is  the  case, 
however,  in  some  flowers  (see  page  496,  Phylhtaxij  of  the  Flower). 

When  the  snccessive  whorls  consist  of  different  numbers  of 
members,  as  on  the  stem  of  Folygonatum  verticiUatum,  in  the 
flowers  of  Pomacece,  etc.,  complicated  relations  of  alternation  are 
induced  which  need  not  be  further  considered  here. 

When  the  similar  lateitil  members  are  arranged  in  a  scattered 
manner,  it  is  easy  to  detect  that,  within  a  certain  region  of  the 
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Pio.  13.— Diagnramofmnl- 
tilAternl  scattered  arrange- 
ment, with  divergence  of  \. 


common  axis,  their  divergence  is  constant;  that  is,  that  the  distance 
between  any  member  and  its  immediate  predecessor  and  snccessor  is 
a  certain  fraction  of  the  circnmference.  In  a  simple  case,  when  the 
divergence  is  i  (Fig.  13),  starting  with  any 
member  0,  the  insertion  of  the  next  miem- 
ber  developed  in  acropetal  succession  on 
the  common  axis,  which  may  be  numbered 
1,  will  be  separated  from  that  of  0  by  just 
•^  of  the  circumference,  and  the  next  mem- 
ber, numbered  2,  will  be  separated  from  1 
by  I  of  the  circumference,  and  3  from  2, 
and  so  on.  Hence  3  lies  directly  over  0, 
4  over  1,  6  over  2,  and  so  on  ;  so  that  there 
are  three  orthostichies.  In  proceeding  from 
0  to  1,  2,  3,  and  so  on,  always  in  the  same 
direction,  the  circumference  of  the  common  axis  is  traversed  in  a 
spiral  which,  in  the  coarse  of  each  whole  turn,  touches  the  bases 
of  three  lateral  members  and  intersects  the  same  orthosticby. 
This  spiral  will  pass  through  the  insertion  of  every  lateral  mem- 
ber, and  as  it  does  so  in  the  order  of  their  development,  it  is 
known  as  the  genetic  spiral.  The  number  of  lateral  members 
through  which  the  genetic  spiral  passes  in  its  course  between  any 

two   on    the   same    ortho- 
sticby, is  termed  a  cycle. 

It  might,  however,  be 
said  with  equal  accuracy, 
that  the  divergence  is  ■, 
and  that  by  passing  from 
member  to  member  by  -J 
of  the  ciixjumference,  a 
spiral  would  be  traced 
which  connects  the  mem- 
bers in  genetic  sequence. 
But  in  this  case  two  turns 
of  the  spiral  would  have 
to  be  traversed  before  i-e- 
tuming  to  the  orthosticby 
started  from  ;  i.e.  the 
cycle  will  consist  of  two 
turns  of  the  spiral  instead  of  one.  For  the  sake  of  simplicity,  the 
spiral  is  not  traced  in  this  longer  way,  but  in  the  shorter  way. 


Fie.  14.- Diagram  of  a  shoot  with  a  constant 
divergence  of  }.  I,  11,  III,  etc.,  the  orthostichous 
lines.    (After  Sachs.) 
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However,  this  example  will  serve  to  indicate  the  relation  between 
the  constmction  of  the  spiral  and  the  fraction  which  is  used  to 
express  the  divergence.  The  denominator  of  this  fraction  gives 
the  nnmber  of  the  orthostichies,  the  numerator  the  number  of 
turns  of  the  spiral  in  the  cycle. 

Another  very  common  divergence  is  -J,  the  geometrical  condi- 
tions of  which  are  readily  intelligible.  From  the  Figures  14  and 
15,  which  represent  a  divergence  of  |-,  it  is  easy  to  see  that  in  this 
case  there  are  eight  orthostichies,  that 
namber  9  stands  over  1,  10  over  2,  and  so 
on,  and  further,  that  the  spiral  passes 
through  the  insertion  of  a  member  at  every 
third  orthostichy,  and  turns  three  times 
ronnd  tbe  axis  iu  the  course  of  one  cycle. 

If,  for  instance,  it  is  required  to  determine 
the  arrangement  of  the  leaves  {phyllntaxis) 
on  a  stem,  it  is  necessary  to  find  the  leaf 
which  is  exactly  above  the  one,  numbered  0, 
selected  as  a  starting-point,  and  then  to 
count  the  number  of  leaves  which  are  met 
with  in  following  the  shorter  spiral  round 
the  stem  between  these  two  leaves.  The 
number  of  the  leaf  which  lies  in  the  same 
ortfiostichy  is  the  denominator  of  the  frac- 


tron  of  divergence,  and  the  numerator  is  the 
number  of  turns  made  by  the  spiral  be- 
tween the  two  leaves. 

When  the  nunil)er^  of  orthostichies  is 
l^ater  than  eight,  it  becomes  very  diflS- 
cult  to  detect  them,  particularly  when  the 
lateral  members  are  closely  arranged,  as  the 
leaves  in  the  rosettes  of  the  House-leek,  as 
the  flowers  in  the  capitulum  of  the  Sun- 
flower, or  as  the  scales  in  a  fir-cone. 
Another  set  of  lines,  lying  obliquely,  then 
strike  the  eye,  called  parastichiesy  which 
also  run  round  the  stem  in  a  spiral,  but 
touch  only  some  of  the  lateral  members ; 
for  instance,  in  Fig.  15,  a  line  which  con- 
nects tbe  members  3,  6,  9,  and  12.  It  is  evident  that  the  number 
of  parallel  parastichies  must  be  as  great  as  the  difference  between 


Fio.  16.— Diagram  of  an 
axis,  the  lateral  members  of 
which  have  the  constant  di- 
vergence of  I ;  those  of  the 
anterior  sarfncu  are  indi- 
cated by  their  insertion*, 
tbose  of  the  posterior  by 
circles  ;  they  are  connected 
by  the  genetic  spiral.  I. 
II,  in,  etc.,  are  the  eighk 
orthostichies. 
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the  nnmbers  of  the  members  in  any  one  each  line.  Thus  in  Fig". 
15,  again,  another  parastichj  connects  the  members  2,  5,  8,  11, 
and  SO  on  ;  and  a  third,  the  members  1,  4,  7,  10,  etc.  From 
this  it  is  possible  to  deduce  a  simple  method  for  ascertaining* 
the  arrangement  in  complicated  cases  ;  the  parastichies  which  ran 
parallel  in  one  direction  are  counted,  and  the  members  in  one  of 
them  are  numbered  according  to  the  above-mentioned  rule;  hy 
repeating  the  process  in  another  system  of  parastichies  which  in- 
tersects the  first,  the  number  of  each  member  will  be  found. 

As  an  illastration  :~In  Fig.  15  there  are  three  left-hand  parastichies ;  taking 
the  members  of  any  one  of  them,  ve  mark  the  first  1,  the  seoond  4,  and  so 
on:  there  are  two  right-hand  parastichies-;  so  beginoiog  with  the  member 
already  marked  1,  we  mark  the  next  8,  the- next  5^  and  thus  complete  the  nam- 
bering  of  the  members.  Having  numbered  them,  it  is  at  once  apparent  that 
9  is  on  the  same  orthostichy  as  1,  and  that  the  divergence  is  j. 

The  commonest  divergences  aire  the  following  : 

¥»  ¥»  t>   »»  TTr  an  "3*' 

This  series  is  easy  to  remember,  for  the  numerator  of  each  fraction 
is  the  sum  of  those  of  the  two  preceding,  and  it  is  the  same  with 
the  denominators.  There  are,  however,  divergences  which  do  not 
enter  into  this  series,  namely  -^,  f ,  J,  ^te; 

As  examples  of  the  divergence  },.  the  leaves  of  many  Mosses,  of  the  Sedges, 
and  the  leaves  and  branches  of  the  Alder,  may  be  mentioned :  |  is  a  very 
common  divergence  for  leaves  on  herbaceous  stems,  and  those  of  Willows,  Oakb, 
etc. ;  the  needle-like  leaves  of  Pirs  and  Spruces  have  commonly  tbe  divergences 
}  and  ^ ;  ^,  JJ,  occur  in  pine-cones,  in  the  capitula  of  many  Compositie, 
etc. ;  the  leaves  of  some  Algae,  such  as  Polysiphonia,  have  the  divergence  ^. 

It  has  been  already  pointed  out  that  these  laws  of  position  stand 
in  the  closest  relation  to  the  progressive  development  of  the  lateral 
members.  It  can  be  demonstrated  that  the  relation  of  position, 
when  once  established,  is  maintained,  for  each  new  lateral  member 
arises  just  at  the  spot  on  the  growing-point  where  there  is  the 
greatest  amount  of  space  between  the  members  already  formed, 
and  that  it  thus  falls  into  the  order  which  its  predecessors  have 
established.  So  long  as  the  relation  of  size  between  the  rudiments 
of  the  lateral  members  and  the  surface  of  the  common  axis  remains 
constant,  the  divergence  likewise  remains  constant ;  but  if  the 
former  condition  be  altered,  if,  for  example,  the  newly  developed 
members  are  smaller  than  their  predecessors,  it  will  be  readily 
understood  that  the  number  of  orthostichies  and  parastichies  must 
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be  increased.  Hence  we  find  changes  in  the  divergence  taking 
place  jasfc  in  those  regions  in  which  the  size  of  the  lateral  members 
alters,  for  instance,  at  the  base  and  at  the  apex  of  pine-cones,  and 
at  the  base  of  the  inflorescences  of  Compositae.  Furthermore, 
subsequent  alterations  may  be  indnced  by  growth,  either  of  the 
axis  or  of  the  developing  lateral  members. 

2.  Isohilateral  Arrangement,  Isobilaterally  arranged  similar 
lateral  members  arise  on  two  diametrically  opposite  sides  of  the 
common  axis,  and  thus  form  two  rows  or  orthostichies.  Usually 
the  members  of  the  two  rows  arise  at  different  levels,  so  that  they 
alternate  (Fig.  16).     In  this  case,  also,  it  is 

possible  to  construct  a  genetic  spiral ;  and  it 
will  be  such,  that  at  every  half-tuiii  it  passes 
through  the  insertion  of  a  lateral  member, 
and  connects  all  the  existing  members  in 
the  order  of  their  age.  It  is  obviously 
quite  immaterial  in  which  direction  this 
spiral  may  be  traced.  Examples  of  alter- 
nate arrangement  are  afforded  by  the  leaves 
of  many  Mosses  (Fissidens)  and  Ferns,  the 
leaves  and  branches  of  many  trees  such  as 
Elm,  Hornbeam,  Lime,  and  the  leaves  of 
the  Grasses.  It  is  only  rarely  that  the  members  of  the  two  rows 
stand  in  pairs  at  the  same  level,  thus  forming  superposed  whoi'ls 
of  two  members  each ;  this  is  the  case  with  the  leaves  of  some 
Algae  (Pterothamnion),  and  of  many  Naiadaceae,  in  the  latter,  pro- 
bably in  consequence  of  subsequent  displacement. 

3.  Dorsiventral  Arrangement,  This  arrangement  of  lateral  mem- 
bers may  be  manifested  in  very  different  ways.  In  some  cases  the 
common  axis  bears  lateral  members  on  one  side  only ;  in  others, 
the  common  axis  bears  dissimilar  lateral  members  on  its  different 
sides.  As  examples  of  the  former,  the  flowering  shoots  of  Vetches 
and  their  /kllies,  which  bear  flowers  on  one  side  only,  may  be  men- 
tioned, as  also  the  thallus  of  Marchantia  and  similar  Liverworts 
which  bear  scales  and  root-hairs  on  the  ventral  surface  only.  The 
stem  of  Marsilea  is  an  example  of  the  latter ;  it  bears  leaves  on  the 
dorsal  surface,  lateral  branches  on  the  flanks,  right  and  left,  and 
roots  on  the  ventral  surface :  this  relation  holds  good  also  in  the 
««e  of  AzoUa  and  Pilularia,  and  in  Caulerpa  among  Algae.  In 
Salvinia  the  dorsal  surface  of  the  stem  bears  the  foliage-leaves, 
the  flanks  the  branches,  and  the  ventral  surface  the  aquatic  leaves  ; 


Pi0.  16.  —  Diagram  of 
alternating  distichous  (i> 
arrangement. 
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in  Selaginella,  likewise,  the  leaves  are  borne  on  the  dorsal  and 
ventral  sarfaces,  and  the  branches  on  the  flanks.  In  Utricalaria, 
and  in  the  inflorescences  of  the  Boraginaceee,  the  branches  are 
borne  on  the  dorsal  surface,  the  leaves  (when  present)  on  the 
flanks.  In  the  Lemnacese,  the  branches  are  produced  on  the  dor- 
sal, the  roots  on  the  ventral,  side  of  the  shoot. 

The  members  borne  on  the  flanks,  in  these  cases,  are  in  rows,  one 
on  each  flank ;  and  a  similar  serial  arrangement  can  usnallj  be 
traced  in  the  members  boioie  on  the  dorsal  and  ventral  sarfaces. 
Thus,  in  the  inflorescences  of  the  Boraginaceae,  the  flpwers  are  ar- 
ranged in  two  longitudinal  rows  ;  in  those  of  the  Vetches  there 
may  be  two  rows  {Vicia  2^a6a,  commonly),  or  many  rows  (Victa 
Cracca).     The  leaves  of  some  Alg«B  such  as  Caulerpa  (Fig.  17)  and 


Fig.  17.  A  portion  of  the  body  of  Caulerpa  plwmaru  showing  donlTentral  arrangement 
of  mombers.  The  horixontal  stem  bears  leaves  on  its  upper  (dorsal)  surface,  and  roots  on  its 
lower  (ventral)  surface. 

Herposiphonia  (Fig.  3)  are  borne  in  one  row  on  the  dorsal,  and 
the  roots  in  one  row  on  the  ventral  surface  of  the  stem  ;  similarly 
in  some  Ferns  {Lygodium  palmatum,  Polypodium  Heracleum)  thei*e 
is  a  single  dorsal  row  of  leaves.  In  Azolla,  Pilularia,  and  Marsilea, 
there  are  two  dorsal  row  of  leaves,  in  Selaginella  there  are  two 
ventral  and  two  dorsal  rows  of  leaves,  and  in  Salvinia  two  ventral 
and  four  dorsal  rows. 

The  whorled  arrangement  is  not  excluded  by  dorsiventrality  : 
for  instance,  in  Salvinia,  the  leaves  are  arranged  in  alternating 
whoHs  of  three,  two  of  the  leaves  being  borne  dorsally,  and  the 
third  ventrally,  and  thus  the  four  dorsal  and  the  two  ventral  rows 
of  leaves  are  pi*oduced. 
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The  affinity  between  the  dorsiventral  arrangement  and  the 
isobilaieral  is  indicated  bj  the  fact  that  manj  axes  develope  their 
lateral  appendages  on  their  flanks,  though  they  eventually  come  to 
be  dorsal.  For  instance,  the  creeping  shoots  of  Butomus  and  other 
plants  produce  their  leaves  in  two  lateral  rows,  which,  however, 
ereDtually  undergo  displacement  on  to  the  dorsal  surface :  again, 
in  the  twigs  of  the  Beech,  the  two  rows  of  leaves  approach  each 
other  on  the  ventral  surface,  and  the  lateral  branches  approach 
each  other  on  the  dorsal. 

Dorsiventral  or  bilateral  arrangement  may  not  uncommonly  be 
foond  in  the  same  plant  with  radial  arrangement,  but  in  different 
parts :  thus  in  the  Hornbeam  and  the  Elm  the  leaves  of  the  pri- 
mary shoot  of  the  seedling  are  arranged  radially,  whilst  on  the  twigs 
of  the  adult  plant  the  leaves  are  arranged  bilaterally  (see  p.  12). 

§  5.  The  Mutual  Relations  of  Dissimilar  Secondary 
Members.  In  most  plants  the  position  of  the  lateral  branches  of 
the  shoot  is  closely  related  to  the  arrangement  of  the  leaves.  In 
radial  and  isobilateral  shoots  it  is  the  general  rule  that  the  lateral 
hndsare  developed  in  the  angle,  termed  the  axily  made  by  a  leaf,  the 
subtending  leaf,  with  the  portion  of  the  stem  above  its  insertion 
(see  Fig.  9  kn).     This  kind  of  branching  is  termed  axillary. 

Other  relations,  leading  to  what  is  termed  extra-axillary  branch- 
ing, may  however  obtain  in  these  shoots.  This  may  be  due  to 
displacement,  so  that  the  branch  springs  either  from  the  parent 
shoot  ahove  the  axil,  or  from  the  surface  of  the  subtending  leaf. 
It  may  also  be  due  to  the  suppression  of  the  subtending  leaf,  as 
is  frequently  the  case  in  inflorescences.  In  somo  cases  (e.g.  Poly- 
iiphonia  elongata)  a  branch  may  be  developed  in  the  place  of  a 
leaf,  occupying  its  position  in  the  genetic  spiral.  In  other  cases, 
as  in  many  Mosses  and  Ferns,  the  bud  is  developed  below  the  in- 
sertion  of  the  corresponding  leaf ;  and  in  somo  Mosses,  by  the  side 
of  it. 

Axillary  branching  sometimes  occurs  in  dorsiventral  shdots  (e.g. 
Xaiadaceae),  but  the  lateral  branches  are  more  frequently  developed 
bjthe  side  of  the  leaves.  Thus,  in  Pilularia,  Marsilea,  AzoJla,  etc., 
where  the  leaves  are  borne  dorsally  and  the  branches  on  the  flanks 
of  the  stem,  each  branch  is  in  relation  with  the  lower  edge  of  the 
corresponding  leaf;  and  in  Utricularia  and  the  inflorescences  of 
the  BoraginacesB,  where  the  branches  are  borne  dorsally  and  the 
leaves  laterally,  each  branch  is  in  relation  with  the  upper  edge  of 
the  corresponding  leaf. 
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There  may,  however  be  no  definite  relation  between  the  brancbes 
and  the  leaves.  For  instance,  the  lateral  branches  of  Lycopodiam 
are  developed  withont  any  relation  to  the  position  of  the  leaves, 
and  in  dichotomoas  branching  no  snch  relation  can  exist. 

When  the  shoot  gi-ows  by  means  of  a  single  apical  cell,  a  direct 
genetic  relation  can  be  traced  between  a  branch  and  its  correspond- 
ing leaf.  Thas,  in  Mosses,  Eqnisetam,  etc.,  the  branch  and  the 
leaf  are  both  derived  from  the  same  segment  of  the  apical  cell. 

It  does  not  necessarily  follow,  in  those  cases  in  which  there  is  a 
definite  relation  between  leaf  and  branch,  that  every  leaf  has  a 
branch  developed  in  relation  with  it,  though  this  is  frequently  the 
case.  Floral  and  scaly  leaves,  for  instance,  have,  as  a  rule,  no  bads 
in  their  axils. 

It  occasionally  happens,  in  axillary  branching,  that  more  than 
one  bud  is  developed  in  the  axil  of  a  leaf.  These  buds  may  be  ar- 
ranged either  one  above  the  other  .(e.g.  Aristolochia  Sipho,  3/eni- 
gpermum  canadense,  Juglans  regxa  in  the  axils  of  the  cotyledons. 
Honeysuckle,  Gleditschia  sinensis)  in  progressive  succession,  so 
that  the  youngest  is  lowest  in  the  axil ;  or  side  by  side  (as  in  Allium 
nigrum,  bulbs  of  Muscari  hotryoides,  inflorescences  of  species  of 
Musa,  among  Monocotyledons ;  and  in  some  Willows,  Poplars,  and 
Maples,  among  Dicotyledons).  In  some  cases,  however  {e.g. 
Cuscu/a),  the  presence  of  several  buds  in  one  axil  is  not  due  to  in- 
dependent development,  but  to  the  branching  of  a  single  original 
bud. 

All  the  shoots  that  originate  as  lateral  buds  are  not  necessarily 
developed  into  branches  ;  thus,  in  most  trees,  the  buds  which  are 
formed  in  the  axils  of  the  lowest  leaves  of  the  shoots  of  each  year 
usually  remain  undeveloped,  and  are  only  incited  to  growth  when 
the  other  buds  are  destroyed.  Buds  which  thus  remain  unde- 
veloped for  a  long  period,  often  for  years,  are  called  dormant,  and 
the  shoots  which  are  ultimately  produced  from  them  are  said  to  be 
deftrred. 

§  6.  Branch-Systems.  The  development  from  a  parent 
member  of  members  similar  to  itself  is  termed  branching,  and  it 
frequently  takes  place  in  such  a  way  as  to  lead  to  an  aggregate 
of  similar  members,  constituting  a  branch- system.  The  morpho- 
logical nature  of  the  member  does  not  determine  the  form  of 
branch-system  to  which  it  gives  rise ;  the  leaf,  the  stem,  the 
root,  the  thallus,  all  present  essentially  the  same  types  of  branch- 
systems. 
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Two  principal  types  of  branching  may  be  distingaished  (see 
p.  19),  the  diehoiomous  and  the  lateral ;  but  it  must  be  borne  in 
mind  that  tbis  distinction  is  somewhat  arbitrary,  and  that  these 
types  are  connected  by  intermediate  forms. 

1.  In  dichotomous  branching,  the  apical  growing-point  divides 
into  two  new  gro¥nng- points  (Fig.  8)  which  are  at  first  equally 
vigorous ;  and  they  may  (a)  either  remain  so,  or  (6)  the  one  may 
develope  more  vigorously  than  the  other. 

(a)  When  the  former  is  the  case,  the  dichotomy  developes  in 
a  bifurcate  manner  (Fig.  18  A).  The  subsequent  dichotomies 
may  all  take  place  in  the  same 
plane,  as  in  the  thai  I  us  of  many 
Liverworts,  and  in  the  leaves 
of  Schisfea  dichotama  (Fern),  so 
that  the  whole  branch- system 
lies  in  one  plane,  and  is  bi- 
lateral. Or  the  subsequent 
dichotomies  may  take  place  in 
various  planes,  which  com- 
monly intersect  at  right  an- 
^le^,  as  in  the  roots  of  Isoetes, 
where  the  branch-system  is 
radial. 

(6)  When  the  latter  is  the 
case,  the  branch-system  be- 
comes gympodial.  The  basal 
portions,  or  podia,  of  the  suc- 
cessive bifurcations  eonstitnte 
an  axis,  termed  a  pseud-axis, 
or  sympodiwn,  on  which  the 
iToaker  branches  appear  as 
lateral  out-growths  (Fig.  18 
B,  C).  The  more  vigorous 
branches  may  be  always  those 
of  one  side,  producing  what  is  termed  a  helicoid  or  hostrychoid 
dichotomous  branch-system  (Fig.  18,  J?),  as  in  the  thalloid  shoot 
of  Fncus ;  or  they  may  be  developed  alternately  on  opposite  sides, 
when  a  scorpioid  or  dndnnal  dichotomous  branch-system  is  pi-o- 
dQced  (Fig.  18,  0). 

Dichotomous  branching  is  the  less  common  type.    It  oceiira  in  some  Algie, 
('.y.  Cladostephus,  Dictyota  dichotoma,  Fucus,  some  Florideio) ;  in  some  Liver- 
V.  8.  B.  D 


Fi«  IS.—Diagram  of  the  varions  modes  of 
dovelopment  of  a  Dichotomy.  A  Bifnrcate 
dicfaotomy.  B  Helicoid  dichotomy;  here 
the  left-hand  (I)  branch  is  always  more 
yigoroiis  than  the  rigl^t  (r).  C  Scorpioid 
dichotomy ;  the  right  and  left  branches  are 
alternately  more  vigorons  in  their  growth. 
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worts  {e,g,  Marchantiacee) ;  in  the  leaves  of  some  Ferns ;  in  the  roots  of 
Lycopodium  and  Isoetes ;  in  the  stem  of  some  Lycopodiams  (L.  alpinum, 
dichotoma).    In  the  Phanerogams  it  only  occurs  in  inflorescences  and  flowers. 

It  will  be  observed  that  dichotomous  branching  necessarily 
involyes  the  limitation  of  growth  of  the  branching  member. 

2.  In  lateral  branching ,  the  new  members  are  developed 
laterally  from  the  parent  member.  Two  forms  may  be  distin- 
guished,  the  monopodial  and  the  cymoae, 

a.  Monopodial  branching.  The  characteristic  feature  of  a  mono- 
podial branch-system  is  the  presence  of  a  main  axis  (monopo^ 
dium),  formed   by  the   continued    elongation  of    the    branching 


Fio.  19.~Cyinose  branoh-gystoms  represented  diagrammatically.  When  the  branches 
are  regarded  as  all  Ijing  in  one  plane  (that  of  the  paper),  A  and  B  represent  the  Hhipi- 
dium,  and  D  the  Drepaninm.  When  the  branches  are  regarded  as  lying  in  various  planes. 
A  and  B  represent  the  scorpioid  (cincinnal)  ojme,  and  D  the  helicoid  (bostrychoid)  cyme ; 
C,  the  dichasial  cyme,  the  branches  being  regarded  as  lying  in  Tarions  planes. 

member,  bearing  a  number  of  less  highly  developed  lateral  axes. 
This  is  due  either  to  the  greater  rapidity,  or  longer  duration,  of 
the  growth  of  the  branching  member  as  compared  with  that  of  the 
lateral  members. 

A  good  example  of  the  former  case  is  afforded  by  Firs.  Here 
both  the  primary  shoot  and  the  main  lateral  shoots  have  un- 
limited growth ;  but  the  former  grows  more  rapidly  than  the  latter, 
and  so  constitutes  a  main  axis. 

A  good  example  of  the  latter  is  afforded  by  racemose  inflores- 
cences.    Here  the  growth  of  each  of  the  members  of  the  branch- 
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system  is  limited  by  the  formation  of  a  terminal  flower;  bnt 
the  terminal  flower  is  developed  last  at  the  apex  of  the  main 
axis;  hence  it  grows  for  a  longer  period  than  the  lateral  axes, 
althoagh,  as  is  commonly  the  case,  the  rapidity  of  the  growth  of 
the  lateral  axes  may  have  been  gi*eater  than  that  of  the  main 


h,  Cymose  branching.  The  characteristic  featnre  of  a  cymose 
branch'System  is  the  absence  of  a  main  axis.  This  is  dne  to  the 
diminished  rapidity,  or  shorter  duration,  of  the  growth  of  the 
branching  member  as  compared  with  that  of  the  lateral  members. 
When  a  main  axis  is  formed,  it  is  a  pseud-axisj  that  is,  it  is  not 
produced  by  the  continnoas  elongation  of  one  and  the  same 
member,  but  is  built  up  from  segments  of  axes  of  different  orders. 
Such  a  pseud -axis  is  termed  a  sympodium* 

a.  NopKud- 
azitis  formed  iT^ 

when  two  or 
more  lateral 
axes  elongate 
with  equal 
vigour,  and 
more  tigor- 
onsly  than 
the  primary 
axis.  When 
the  number 
of  vigorous 
lateral     axes 

happens       to  p^^  JO.-DIftgram  of  a  FaUe  Dichotomy  or  Dichaainm ;  the  Roman 

be   two,     the  nnmorals  indicate  the  order  of  development  of  the  shoots  of  the 

branch  -  SVS-  •y»'«™'      Those  numbered  IV  and    IV*  are  equally  ▼igorons,  and 

'    j'  much  more  so  than  the  primary  axis  I.    (From  Saohs.) 

tem  bears  a 

Baperficial  resemblance  to  a  true  dichotomy,  and  is  hence  termed 
a/aiw  dichotomy,  or  dichcLsium  (Fig.  19  0;  Fig.  20).  When 
many  lateral  axes  are  developed  close  together,  the  branch- system 
is  termed  a  pleiochasium. 

If  the  dfchcui{d  branching  be  repeated,  the  various  dichasia 
may  lie  in  one  plane  (as  in  the  Mistletoe)  ;  or,  as  is  more  frequently 
the  case,  in  different  planes.  Examples  are  afforded  by  the  in- 
florescences of  the  Spurges  (Euphorbia);  the  branches  of  the 
Lilac  (Syringa),  in  which  usually  the  terminal  bud  dies,  and  the 
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two  highest  lateral  buds  carry  on  the  development  of  the  branch  ; 
and  in  those  of  Rhamnus  caihartica,  the  terminal  bud  of  which 
becomes  a  thorn. 

(/3)  A  pseud-axis,  or  iympodinm,  is  formed  when  only  one  lateral 
axis  developes  vigorously  in  each  case.  Thus,  in  Fig.  19  ^,  in 
which  the  darker  lines  indicate  the  more  vigorous  growth,  the 
lateral  axis  has  grown  more  yigoi^ously  than  the  parent  axis,  and 
so  on.  The  pseud-axis,  which  is  thus  formed,  is  at  first  crooked ; 
but  in  most  cases  it  subsequently  becomes  straight  (Fig.  19  J 
becomes  B),  Examples  of  the  formation  of  sympodia  are 
afiorded  by  many  subterranean  stems,  such  as  that  of  Polygo- 
natum  (see  p.  42,  Fig.  23  B),  which  annually  come  above  ground, 
whilst  a  lateral  branch  maintains  the  dirciction  of  growth  under- 
ground. Much  the  same  thing  may  be  observed,  though  not  so 
clearly,  in  the  branches  of  many  shrubs  and  tr-ees.  Amongst 
inflorescences,  also  many  examples  of  the  formation  of  sympodia 
are  to  be  fopnd  (see  Part  III.).  The  vigorous  lateral  branch 
which  carries  on  the  further  growth  of  the  plant  is  termed  an 
innovation- shoot. 

The  various  forms  of  sympodial  branch- systems  maybe  classified 
as  follows: — 

1.  Sympodia  in  which  all  the  branches  lie  in  one  plane,  forming 
a  bilateral  branch-system : 

a.  The  Bhipidium  (fan)  ;  the  lateral  branches  are  developed 

alternately  in  two  opposite  directions  (Fig.  19  -4,  B). 

b.  The  Drepanium  (sickle)  ;  the  more  vigorous  branches  are 

all  developed  on  one  side  (Fig.  19  D). 

2.  Sympodia  in  which  the  branches  lie  in  different  planes, 
foiming  a  radial  branch-system  : 

a.  The  Scorpioid  Cyme  (Cincinnus)  ;   the  lateral  branches 

are  developed  alternately  on  opposite  sides. 

b.  The  Helicoid  Cyme  {Bostryx) ;  the  lateral  branches  are 

all  developed  on  one  side. 
§  7.  Cohesion  and  Adhesion.  It  sometimes  happens  that 
the  originally  free  edges  of  parts  subsequently  grow  together; 
for  instance,  the  margins  of  the  carpel lary  leaves  to  form  ovaries. 
In  some  Florideae,  originally  separate  branches  of  the  shoot  have 
been  observed  to  grow  together.  But  a  more  common  case  is  that 
the  rudiments  of  distinct  members  become  united  into  one  whole 
by  the  growth  of  their  common  base  (see  p.  17).  For  example,  a 
gamopctaiou.n  corolla  (sec  p.  514,  Part  III.)  arises  in  th's  way,  that 
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tho  whorled  leaf -rudiments  are  raised  up  by  the  interaalarj  growth 

of  their  common  base  (Fi^.  21 

A,  r),  and  come  to   be  merely 

]appets  on  the   rim  of  a  tube 

(Fig.  21  B).      This  explanation 

applies  also   to   perfoliate   and 

connate  leaves  (see  Fig.  29). 

The  anion  brought  about  in 
either  of  these  ways  may  affect 
membei*s  developed  at  the  same 
level,  or  members  developed  at 
different  levels;  in  the  former 
case  the  term  cohesion  is  used ; 
in  the  latter,  the  term  adhesion. 
Examples  of  the  former  are 
afforded  by  gamopetalons  corol- 
las, syncarpous  ovaries,  etc. ; 
and  of  the  latter  by  epii>etalous        ^^-  m.^fiowt  of  Petunia,   a  rerj 

stamens,  bj  leaves   adhering  to       ;oang  (xtO);  B  matan  (i»t..im)i  k  the 

the  shoots  borne  in  their  axib.      «"yfj  "^  """  ""•  "<>"«  ""•»'.  '''•  »'»' 

haa  been  removed;  rthe  tubej  I  U^e  lol)es 

as  in  the  Lime,  etc.  or  teeth  of  t^  ooroiifu 


CHAPTER   II. 

THE  SPECIAL  MORPHOLOGY  OP  THE  MEMBERS. 
A.   VeGETATIVB    ORGAItS. 

§  8.  The  Thallus.  Among  those  plants  in  which  an  alter- 
nation of  generations  is  not  known  to  occur,  the  body  is  a  thallus 
in  the  lower  Fungi  (e.g.  Schizomycetes,  Saccharomycetes,  etc.), 
and  in  many  Alg»  (e.g.  Cyanophyce®,  some  Chlorophycese,  such 
as  Volvox,  Desmids,  ConfervoidesB ;  some  Phceophycese,  such  as 
Ectocarpns,  Sphacelaria,  etc.). 

Among  those  plants  in  which  alternation  of  generations  is 
known  to  occur,  the  body  may  be  a  thallus  in  one  or  both  genera- 
tions; it  is,  for  instai^ce,  ^  ithallus  in  both  generations  in  some 
AlgsB  (e.g.  Coleochaete,  some  Rhodophycese),  and  in  Riccia  among 
the  Hepaticsa:  the  gaxpetophyte  is  a  thallus  in  some  Algse,  in 
all  the  HepaticsB  except  the  foliose  Jungermanniacece,  in  most 
Vascular  Cryptoganjis,  and  in  all  Phanerogams :  the  sporophyte 
is  a  thallus  in  all  Kbodophycese ;  and  in  some  Phanerogams,  as 
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an  exception,  the  vegetative  body,  apart  from  the  reprodnctiro 
organs  of  the  sporophyte,  is  a  thallus  (e.g,  Wolffia  arrhiza). 

The  thallns  ofEers  considerable  variety  of  form.  It  may  be 
spherical ;  or  filamentoas,  branched  or  nnbranched ;  or  a  flattened 
expansion,  branched  or  nnbranched ;  or  a  massive  tnberons  body. 
]t  commonly  bears  hairs.  The  symmetry  of  the  thallns  is 
mnltilat'eral,  isobilateral,  or  dorsiventral.  Complete  multilateral 
symmetry  is  exhibited  when  the  thallus  is  spherical  {e.g.  Volvox, 
Fig.  1) ;  isobilateral  symmetry  when  the  thallns  is  flattened 
{e.g.  Desmids,  ColeocheBte)  with  similar  surfaces;  dorsiventral 
symmetry,  when  the  thallus  is  flattened,  with  dissimilar  dorsal 
and  ventral  surfaces  {e.g.  most  HepaticsB,  and  fem-prothallia). 

The  branching  of  the  thallas  takes  place  in  accordance  with  the 
general  laws  laid  down  on  p.  82 ;  the  flattened  thallus  frequently 
branches  dichotomously  {eg,  some  thalloid  HepaticsB).  The  main 
axis  and  the  branches  may  be  either  limited  or  unlimited  in 
growth. 

The  branches  of  the  thallus  may  be  modified  in  form  in  connexion 
with  some  special  function.  Thus,  the  development  of  repro- 
ductive organs  is  in  some  cases  confined  to  certain  branches,  and 
these  then  differ  in  form  from  the  ordinary  vegetative  branches 
{e.g.  some  Hepaticee). 

§  9.  The  Thalloid  Shoot.  The  body  is  differentiated  into 
a  root  and  a  thalloid  shoot ;  in  the  gametophyte  of  some  AlgSB 
(some  SiphonoidesB,  ConfervoidesB,  Pheeophyceae,  and  Floridefe), 
and  of  some  Vascular  Cryptogams  (Eqiiisetum,  Osmunda,  Lyco- 
podiara) ;  in  the  sporophyte  of  some  Algas  {e.g.  Dictyotaceee)  and 
of  the  Bryophyta  (except  Riccia). 

The  vegetative  body  of  the  sporophyte  has  a  thalloid  shoot  in  some  Phane- 
rogams {e.g.  Lemna). 

The  morphology  of  the  thalloid  shoot  is  very  mnch  the  same  as 
that  of  the  thallus.  In  some  cases,  however  {e.g.  Laminaria,  see 
Fig.  10,  p.  22),  it  is  differentiated  into  a  basal  cylindrical  stalk, 
like  portion,  and  a  terminal  flattened  thalloid  expansion.  The 
branching  is,  not  uncommonly,  dichotomoas  {e.g.  Lictijota 
dichotoma,  Fig.  8,  p.  19). 

§  10.  The  Leafy  Shoot.  The  shoot  is  differentiated  into 
stem  and  leaf  in  some  Algae  {e.g.  Caulerpa,  Bryopsis,  Cladoste- 
phns,  Sargassnm,  the  Characeee,  and  the  gametophyte  of  some 
FloridcaD) ;    the   adult  gametophytic   shoots   of    some    Hepatica) 
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(folioae  Jangermanniacefle),  and  of  all  Mosses;  the  sporophyte  of 
Vascular  Cryptogams  and  Phanerogams. 

The  distinction  between  stem  and  leaf  is  not,  however,  obvioas 
in  all  these  plants.  In  the  lower  forms,  this  is  due  to  the  low 
degree  which  the  morphological  differentiation  has  attained ;  whilst 
in  the  higher  forms  it  is  due  to  the  degenerate  developments- 
amounting  in  some  cases  to  complete  suppression  — of  the  leaves  ; 
and  also,  in  some  cases,  to  the  assumption  of  a  more  or  less  leaf- 
like  form  by  the  stem  or  its  branches.  The  true  morphological 
nature  of  the  members  can  only  be  ascertained,  in  these  cases,  by 
a  stndy  of  their  development  and  of  their  relation  to  each  other. 

In  plants  which  live  for  more  than  one  year,  the  shoot  may 
either  persist  from  year  to  year,  or  it  may  die  down  to  the  surface 
of  the  soil  in  each  year,  the  subterranean  parts  being  alone  per- 
sistent.    Shoots  which  last  only  one  year  ai*e  termed  cknnual. 

The  general  form  of  the  leafy  shoot  varies  widely.  •  Even  on 
one  and  the  same  plant  there  may  be  different  forms  of  leafy 
shoots,  the  differences  being  due  either  to  peculiarities  in  the 
conditions  of  development,  or  of  function.  Marked  differences 
exist,  for  instance,  between  submerged  or  subterranean  and 
aerial  shoots;  also  between  vegetative  shoot<s  and  those  bearing 
the  reproductive  organs. 

The  form  of  the  shoot  depends  largely  upon  the  amount  of 
elongation  which  the  internodes  of  the  stem  undergo.  Thus,  thei*e 
is  in  some  plants  (e.g,  some  Floridesa;  Sphagnum,  and  other 
Mosses ;  the  Larch,  Pine,  and  Taxodium,  among  the  ConifersB ; 
and  many  Angiosperms)  a  well-marked  distinction  of  two  forms 
of  vegetative  shoots.  These  are  the  ordinary  elongated  branched 
shoots ;  and  short  shoots,  termed  dwarf-ghoots,  which  elongate  but 
little,  branch  scarcely  at  all,  and  are  frequently  of  but  short 
duration  (see  p.  19).  Thus,  in  some  plants  (e.g,  many  pleurocar. 
poos  Mosses;  most  Ferns,  Conifers,  and  many  other  plants)  the 
primary  shoot  continues  to  grow  throughout  the  life  of  the  plant ; 
whilst  in  others,  the  growth  of  the  primary  shoot  is  limited, 
the  further  development  of  the  shoot  being  effected  by  a  lateral 
branch,  itself  of  limited  growth  ;  so  that,  by  the  repetition  of  this 
process  a  cymose  branch-system  is  produced  (see  p.  35).  This 
mode  of  development  by  innovation  occurs  in  many  so-called 
uniaxial  plants  whose  primary  shoot  terminates  in  a  flower ;  also 
in  the  acrocarpous  Mosses  where  the  elongation  of  the  shoot  is 
arrested  by  the  development  of  the  sexual  reproductive  organs, 
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ftnd,  in  other  oases,  independently  of  the  development  of  repro- 
dactive  organs,  as  in  Hyhcomium  splendens,  a  plenrocarpous  Moss, 
the  shoote  of  which  grow  for  bat  one  jear ;  and  in  the  seedlings 
of  the  Lime,  and  of  the  Elm,  which  fonn  no  terminal  bud  at 
the  close  of  the  first  year,  the  further  development  of  the  shoot 
being  effected  by  the  highest  lateral  bud. 

In  those  shoots  of  trees  which  are  produced  in  one  season^s  growth,  the  lowest 
intemodes,  especially  those  lying  between  the  bud-scales,  are  very  short ;  so  that 
it  is  easy,  by  noticing  the  closely-arranged  scars  of  the  bud-scales,  to  deter- 
mine, in  a  shoot  several  years  old,  the  amount  of  growth  during  each  year. 
The  terminal  and  the  lateral  buds  of  such  an  annual  shoot  usually  remain  in 
the  bud-condition  during  the  first  year  until  the  beginning  of  the  next 
period  of  growth,  so  that  the  age  of  such  a  branch-system  can  be  determined 
by  the  extent  of  the  branching,  the  number  of  years  corresponding  to  the 
number  of  times  that  branching  has  taken  place.  In  some  trees,  however,  {e.g. 
the  Oak)  a  second  shoot,  which  had  hitherto  existed  in  the  bud-condition,  is 
regularly  developed  in  the  middle  of  summer.  As  a  general  rule,  it  is  only  the 
more  anterior  (near  the  apex)  of  the  lateral  buds  on  the  shoot  which  develope 
in  the  subsequent  year  into  branches,  as  is  very  clearly  seen  in  the  whorled 
branches  of  the  GonifersB ;  when,  however,  the  more  posterior  lateral  buds  do 
develope,  the  branches  produced  are  successively  the  shorter  the  further  they 
are  from  the  apex  (e.g.  Elm).  Whilst  in  many  trees  (ConiferoB,  Oak)  the 
terminal  bud  of  a  shoot  always  grows  into  a  new  shoot  iu  the  next  year,  in  otliers 
(Lime,  Elm,  sometimes  Beech)  this  is  not  the  case,  but  the  elongation  of  the 
shoot  is  effected  in  a  sympodial  manner  by  means  of  the  highest  lateral  bud 
(see  p.  85). 

In  the  Larch,  the  dwarf -shoots  bear  the  fascicled  leaves,  and  spring  from  the 
axils  of  the  leaves  of  an  ordinary  shoot  of  the  same  year  ;  they  usually  elongate 
but  slightly  each  year,  but  they  may,  under  certain  circumstances,  develope 
into  ordinary  shoots.  In  the  Scots  Pine,  the  dwarf-shoots  bear  only  two  green 
leaves,  in  addition  to  scaly  leaves ;  they  arise  in  the  axils  of  the  leaves  of  the 
ordinary  shoots  of  the  same  year,  and  they  fall  off  when  the  leaves  die.  In 
dicotyledonous  trees,  these  dwarf-shoots  occur  especially  in  advanced  age,  or 
when  tlie  growth  of  the  tree  is  stunted.  They  are  very  conspicuous  in  the 
Apple,  Pear,  and  other  similar  trees,  and  are  the  only  parts  of  the  tree  which 
produce  flowers  and  fruit. 

The  Bulb  and  the  Corm  are  examples  of  shoots  with  short  stems ;  they  are, 
in  fact,  forms  of  the  bud,  produced  underground. 

The  Bulb  consist  of  a  flattened  discoid  stem  (Fig.  22  B),  bearing  a  number  of 
scaly  leaves  closely  arranged  on  its  upper  surface,  and  roots  on  its  lower  surface. 
The  leaves  may  either  invest  each  other,  as  in  the  Onion,  when  the  bulb  is  said 
to  be  tunicate ;  or  they  may  overlap  at  their  edges,  as  in  the  Lily,  when  the 
bulb  is  said  to  be  imbricate. 

Aerial  buds  develope  in  some  plants  into  small  bulbs,  termed  hulbih,  as  in 
Lilium  bulbifenim,  Dentaria  bulbiftra,  and  in  some  species  of  Onion. 

The  Corm  consists  of  a  rounded  or  flattened  stem  which  occupies  a  relatively 
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larger  proportion  of  space  than  that  of  the  bulb,  and  is  invested  by  only  a  few 
Bcaly  leaves.    It  occurs  in  Crocus  and  other  IridaceaB. 

The  Tuber  is  likewise  a  shortened  shoot,  with  a  swollen  stem  and  small  scaly 
leaves ;  it  is  usually  developed  undergroimd,  as  in  the  Potato  and  the  Jerusalem 
Artichoke  {Heliantinu  tubeionu.  Fig.  22  A). 

The  morphological  nature  of  the  tuber  is  readily  demonstrated  by  uncovering 
the  onderKronnd  shoots  of  a  Potato-plant,  when  they  develops  into  ordinary 


Fie.  23.— Various  forms  of  shoots.  A  Tabcrs  of  Eelianthut  tuheroMut  (\  not.  size); 
■  lover  part  of  the  stem  springing  from  last  jear's  iaber  fc';  in  the  axils  of  the  npper 
leavM  arise  the  bads  kn,  and  in  those  of  the  lower  leaves  the  tubers  fc  with  very  small 
■ealj  leares  and  buds.  B  Bulb  of  Eyaeinthu*  arientali»  (reduced) ;  h  the  discoid  stem,  s 
the  seel  J  leaver,  •  the  stalk  which  subfequently  elongates  and  bears  the  flowers  above 
groond.  with  the  buds  b ;  I  foliagO'leaves,  to  roots;  kn  an  axillary  bud  which  becomen 
next  jear's  bulb.  C  Elongated  rhizome  of  Car^x  arenaria  (\) ;  scaly  leaves  n ;  a  erect 
*hoot  with  scaly  and  foliage- leaves  (.  V  Runner  «  of  the  Strawberry,  Fragaria  (reduced), 
>prio^nir  firom  the  plant  a,  with  scaly  leaves  n,  from  the  axil  of  which  a  new  plant  b 
wise*.  B  Creeping  stem  of  the  Ground  Ivy,  Kepeta  QUzhtmi  (reauced);  //  decaBsate> 
leaves;  tlie  intemodes  are  twisted;  a  axillary  shoot;  io  root. 
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foliage-shootB.  Again,  if  the  doTelopment  of  tubers  be  prevented  by  cutting 
ufif  the  underground  shoots,  the  buds  in  the  axils  of  the  leaves  above  the  ground 
develope  into  tubers. 

The  Flower  is  another  form  of  shortened  shoot,  the  leaves  of  which,  when 
present,  are  arranged  closely  together.  The  morphology  of  the  flower  is 
discussed  in  subsequent  paragraphs  (pp.  76,  494). 

Shoots  may  grow  erect  into  the  air ;  or  they  ma^^  grow  horizontally  either 
above  or  below  the  surface  of  the  soil. 

A  shoot  which  grows  horizontally  on  the  surface  of  the  soil  is  termed  a 
creeping  shoot  (Fig.  22  E), 

The  Runner  or  Stolon  is  allied  to  the  creepiug  shoot.  It  is  an  elongated 
lateral  shoot  which  takes  root  at  some  distauce  from  the  parent  plant,  and 
which  by  the  dying  away  of  the  intermediate  portion,  becomes  a  new  individual. 
The  runner  may  grow  either  just  above  (Fig.  22  D),  or  just  below  the  surface 
of  the  soil ;  it  bears  sometimes  scaly  leaves,  sometimes  foliage -leaves  (Hieraeiuin 
PiloseWi).  Runners  usually  spring  from  shoots  with  limited  growth,  but  some- 
times from  those  with  unlimited  growth,  e.g.  Onoclea  Struthiopteru, 


Fig.  23.—^  Rhiiome,  with  unlimited  growth,  of  OxalU  AcetonMa  (Wood-Sorrcl) ;  n  scaly 
leaves ;  I  foliage-lea ve«  ;  V  remains  of  older  foltage*leaves ;  bl  flower ;  h  bracts.  B  Rhisome, 
with  limited  growth,  of  Polygonatvm  ojflcinale  (Solomon's  Seal) ;  I  scar  of  last  year's 
herbaceous  aerial  shoot;  II  aerial  Bboot  of  this  year,  which  is  the  anterior  portion  of  the 
shoot  2 ;  III  bud  of  next  year's  herbaceous  aerial  shoot,  which  is  the  continuation  of 
the  shoot  3;  n  scaly  leaves;  b  and  6' leaves  from  the  axils  of  which  the  shoots  2  and  3 
hiive  ariton;  v  rjots. 

When  a  shoot  grows  horizontally  beneath  the  soil,  it  is  termed  a  Rhizome. 
It  is  characteristic  of  those  plants  the  subterranean  parts  of  which  alone  are 
persistent.  The  growth  in  length  of  the  rhizome  is  sometimes  unlimited, 
sometimes  limited.  When  the  former  is  the  case,  it  continues  to  elongate 
at  its  apex  and  bears  either  only  foliage-leaves  (e.g.  Pteria  aquilina) ;  or 
foliage-leaves  and  scales  in  regular  alternation  (Fig.  23  A,  I,n),  in  the  axils 
of  which  annual  shoots  arise ;  or  only  scales  in  the  axils  of  which  annual  shoots 
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beftring  foliage-leaves  and  flowers  arise,  as  in  Herb  Paris.  More  commonly  the 
growth  in  length  i«  limited,  in  which  case  the  apex  grows  out  into  an  aerial 
umoal  shoot,  whilst  from  the  axil  of  a  leaf  at  its  base  one  or  more  subterranean 
shoots  are  produced  which  carry  on  by  innovation  the  elongation  of  the  rhizome. 
If  the  older  portions  of  the  rhizome  persist  for  a  long  time,  the  basal  portions 
of  the  annoal  shoots  together  form  a  sympodium  (Fig  23  B) ;  if,  however,  they 
soon  perish,  then  each  annual  shoot  appears  to  constitute  a  distinct  individual 
(e.g.  Ranunculus  acrit,  Neottia).  It  is  by  the  simultaneous  formation  of  a  number 
of  short  innovation-shoots  that  the  tufts  of  Grasses  and  Sedges  are  produced. 
The  innovation-shoots  commonly  develope  roots  of  their  own,  but  they  msy 
remain  con- 
nected with  the  "N  /^ 
main  root  of  *^ 
the  plant  as  in 
Aumone  PuUa' 
tiUa, 

In  rare  cases 
(Baplomitrium 
Hookeri  and 
some  other  foU- 
oce  Hepaticie; 
Psilotam  among 
Viseular  Cryp- 
togams), the 
functions  of 
roots  are  per- 
formed by  sub- 
ter  ran  can 
shoots ;  these 
ihoots  are  more 
slender  than 
the  subaerial 
shoots,  and 
bear  the  merest 
rodiments  of 
leaves. 

Shoots  which 
are  nnable  to 
grow  erect  by 
tbemseUes  ob- 
tain, in  some 
esses,  the  ad- 
vantages of  that  position  by  climbing.  The  structure  of  the  shoot  may  be 
modified  so  as  to  subserve  climbing.  Branches  are  in  some  cases  (Uncaria) 
developed  in  the  form  of  hooks,  and  may  or  may  not  bear  leaves ;  these  hooks 
serve  to  attach  the  plant  to  others.  In  other  cases,  branches  bearing  small  scaly 
leaTss  are  developed  into  tendrilif  which  twine  round  supports.  In  other  cases 
the  whole  shoot  twines  round  a  support  (Fig  24  A  B). 


Fie  2i.^A  Part  of  the  shoot  of  the  Vine  (|  oat.  sise)  with  two  ten. 
driU  rr ;  the  upper  one  beam  small  leaves  H  and  branches ;  the  lower 
one  has  become  attached  to  a  support «  and  hnsiollei  up  spirally;  bb 
petioles;  in  this  case  the  tendrils  are  branches  which  are  pecu- 
liar in  that  they  are  opposite  to  the  leaveis.  B  Twining  shoot  of 
Ipomcea  •,  with  leaves  b  and  a  bad  Ic ; ««  is  the  support. 
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■  firaucbea  are  Bometimes  developed  as  thorm  (Fig  25).  Thorns  are  hard, 
pointed  stractares ;  they  sometimes  form  the  extremity  of  an  ordinaiy  shoot, 
as  in  lihamnut  eathartiea;  or  they  are  dwarf  •shoots,  as  in  Cratatfiu  coeeinea  ; 
they  may  bear  branches  which  spring  from  the  axils  of  scaly  leaves,  as  in 
Gleditschia  and  the  Sloe  (Fig.  25). 

The  morphology  of  the  constitnent  members  of  the  leafy  shoot, 
namely  the  stem  and  the  leaf,  will  now  be  considered. 

§  11.  The  Stem.  The  stem  of  an  annual  plant  or  of  an  annual 
shoot  is  SQCcnlent  in  texture,  and  is  said  to  be  herbaceous, 

A  primary  stem  which  persists  for  several  years,  though  it  is 
herbaceous  at  first,  becomes  hard  and  woody  in  textui^,  and  is 
termed  a  trunk. 

The  stem  is  commonly  branched  ;  but  it  may  be  unbranched,  as 
in  Tree-Fems,  Cycads,  many  Palms  and  Grasses. 

The  form  of  the  stem  varies  very  widoly.  It  may  be  short  and 
much  thickened,  as  in  the  bulb,  corm  and  tuber,  mentioned 
above  (p.  40)  and  in  some  Cacti ;  or  a 
portion  of  it  may  be  much  thickened 
into  a  tuber,  as  in  certain  epiphytic 
Orchids,  where  one  or  more  of  the  basal 
internodes  form  a  j^seudo-hulb;  and  in 
Vitis  gongylodesj  where  any  internode 
may  become  tnberous. 

The  form  of  the  elongated  stem  is 
P:::J^ra\^.Ti  oommonlj  cylindrical  or  prismatic.  Th« 
iraf-acar.  from  the  axil  of  which  prismatio  form  is,  in  some  cases,  de> 
th. . horny  br...eh..pring.:      tgrmined    by    the   an-angement  of  the 

on  the  thorn  are  //  leaf-scarB ;  •'  °  ^ 

in  the  axu  of  the  uppor  one  is  leaves;  thus,  stems  bearing  decussate 
the  branch  .,  in  tbat  of  the      ]eave8  (see  Fig.  11,  p.  24),  f.hat  is,  leaves 

lower,  the  bad  k.  \    .      #  ,         .   ,  . 

arranged  in  four  orthostiohies,  the  stem 

is  quadrangular.  When  the  stem  has  an  angular  form,  the  edges 
frequently  grow  out  into  a  leafy  expansion  :  such  a  stem  is  said 
to  be  winged.  In  some  cases,  as  in  Grasses,  Bamboos,  Pinks,  etc., 
the  stem  presents  a  jointed  appearance  at  the  nodes  ;  a  stem  with 
tins  peculiarity  is  termed  a  culm  or  haulm. 

When  the  development  of  the  foliage- leaves  of  a  shoot  is  de- 
generate, the  stem  performs  the  functions  of  the  leaves  :  it  is  then 
of  a  green  colour,  and  generally  assumes  such  a  form  as  to  have 
a  relatively  large  surface.  Thus,  the  whole  stem  and  its  branches 
may  become  flattened,  as  in  Opuntia  (Cactaceae)  and  in  Genista 
sagittalis  (PapilioneeB)  :   or  certain  branches  only,  termed  phyllo- 
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cladeg,  are  flattened  and  leaf-like  as  in  Rascas  (Liliacene),  Phyllan- 
tbas  (EaphorbiaceaB),  Muhlenbeckia  (Polygonaceae),  Carmichaelia 
(Papilionacete),  Phyllocladas  (Conifei-a)),  and  are  either  isobi- 
laterallj  or  dorsi centrally  symmetrical.  The  phylloclades  fi'e- 
qnently  bear  flowers  but  not  always  in  the  same  position.  Thus, 
in  Rwtcus  aiidroyynus  the  flowers  are  borne  on  the  margin  of  the 
phylloclade;  in  liuscus  <iculeatus  and  B.  Hypoglossum,  they  are 
borne  on  the  upper  sarface  of  the  phylloclade;  and  in  K. 
Uypophylltitn,  on  the  under  surface. 

Leaf-like  branches  are  also  formed  in  Asparagus  ;  they  are  not 
flattened,  but  are  small  and  acicular  ;  something  of  the  same  kind 
also  occurs  in  Equisetum. 

§  12.  The  Leaf.  All  leaves,  except  the  seed-leaves  or  coty- 
ledons, are  developed  exogenously  as  latei*al  outgrowths  upon  the 
growing-point  of  a  stem  :  they  ai*e 
developed,  as  a  rule,  in  progressive 
(acropetal  or  basipetal)  succession, 
thoQgh  irregularity  in  this  respect 
sometimes  occurs  in  the  case  of  floral 
leaves. 

The  leaf  is  developed  either  from 
the  8aper6cial  layer  of  cells  only,  or 
from  this  and  other  deeper  layers, 
aad  soon  appears  as  a  lateral  pro- 
toberance  on  the  growing-point.  At 
this  stage  it  is  undifferentiated,  and  Fig.  m.  —  Phylloclade  of  Rutcu» 
m.y  be  ie^ed  primordial.  In  some  ^Z^r.ZfZ^LTot  ^;. 
plants  with  very  simple  leaves  (e.g,  the  phyiiooiade  p  is  developed ;  d 
Chara)  the  developing  leaf  nndei-goes  ^^^^^^5^*  itJ*'^"^'^*^*  ^""*^ 
no  farther  change  beyond  increase  in 

size;  bnt  in  most  plants  the  leaf  undergoes  differentiation  or 
segmentation  along  its  longitudinal  axis  or  phyllopodium.  In  the 
most  complete  case,  the  phyllopodium  is  differentiated  into  thi*ee 
regions:  a  basal  portion,  the  leaf -base  or  hypopodium;  an  apical 
portion,  the  eptpodium;  and  an  intermediate  portion,  the  meso- 
podvtm,  leaf-stalk,  or  petiole;  but  the  last-named  portion  is  fre- 
qaently  absent.  Most  commonly  the  leaf  assumes  a  flattened  form 
in  consequence  of  the  development  of  a  relatively  thin  mem- 
branous winij  along  one  or  other  of  these  regions  in  the  lateral 
plane:  the  epipodium  is  typically  winged,  and  then  constitutes 
what  is  known  as  the  blade  or  lamina  of  the  leaf;  the  mesopodium 
IS  rarely  winged,  the  hypopodium  more  frequently  so. 
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The  growth  in  length  of  the  primordial  leaf  is  at  first  apical  in 
all  cases ;  it  may  be  persistently  apical  {e.g.  Ferns,  generally) ; 
or  apical  growth  may  be  early  arrested,  farther  elongation  being 
effected  by  basal  growth  {e,g.  Iris,  Onion,  Myriophyllnm,  Potenttlla 
anserina) ;  or,  more  rarely,  basal  and  apical  (e.g.  Achillea  MilU' 
folium,  and  other  CompositaB)  growth  may  occnr  siranltaneonsly. 

A  charact-eristic  feature  of  leaves  is  that  their  growth  in  length 
is  limited ;  bat  this  is  not  withoat  exception ;  in  fact,  there  are 
all  intermediate  forms  between  those  which  have  limited  and  those 
which  have  nnlimited  growth.  Thns,  in  most  Phanerogams  the 
leaves  have  limited  growth;  the  cells  of  the  leaf  are  all  actually 
formed  at  the  time  of  its  unfolding,  and  all  that  takes  place  sub- 
sequently is  that  the  cells  groW^  to  their  definitive  size.  In  a  few 
of  these  plants,  however,  (e.g.  Guarea  and 
other  Meliacese)  the  pinnate  leaves  have  an 
apical  growing-point  by  which  new  cells  are 
formed,  and  the  growth  in  length  of  the  leaf 
and  the  development  of  lateral  branches  is 
carried  on  after  the  leaf  has  unfolded.  Long, 
continued  apical  growth  appears  to  be  the 
general  rule  in  Ferns  :  in  Pteris  aquilina  and 
in  Aspidium  Filix  Ma^  the  leaf  grows  for 
three  years;  and  in  Gleichenia,  Lygodium, 
many  Hymenophyllacese,  and  Nephrolepis,  the 
leaf  grows  for  many  years  after  its  appear- 
ance above  the  soil.  The  most  striking  ex- 
ample of  long-continued  basal  growth  is  that 
of  the  two  leaves  of  Welwitschia  which  persist 
and  grow  basally  as  long  as  the  plant  lives, 
and  consequently  attain  a  great  length. 
The  leaves  are  inserted  upon  the  nodes  (p.  21)  of  the  stem,  the 
plane  of  insertion  being  usually  transverse  to  the  longitudinal 
axis  of  the  parent  stem ;  but  in  some  Bryophyta  (Blasia,  Schisto- 
stega)  the  plane  of  insertion  is  parallel  to  the  longitudinal  axis  of 
the  stem. 

The  Hypopodinm  or  Leaf-Base.  The  leaf-base  commonly  de- 
velopes  into  a  cushion  of  tissue,  termed  the  puhinus,  which  forms 
the  articulation  by  which  the  leaf  is  attached  to  the  stem  ;  in  the 
Gooseberry  the  pulvinus  developes  into  a  spine.  In  many  cases 
the  leaf- base  is  sheathing,  and  embraces  a  part  or  the  whole  of  the 
circumference  of  the  node  :  in  the  former  case  the  leaf  is  said  to 


Fie.  27.— Leaf  of  Ba- 
nunculiLM  Fiearia :  Dleaf- 
base  (hypopodium) ;  p 
petiole  (mesopodinm) 
I  lamina  (epipodium). 
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be  iemi-amplexicaul ;    in    the   latter,    amplexicaul    {e.g.    Grasses, 
Onion,  Foors  Parsley). 

The  leaf-base  sometimes  produces  a  pair  of  opposite  lateral 
branches  which  are  termed  stipules ;  when  they  are  present  the 
leaf  is  said  to  be  stipulate,  and  when  they  are  absent,  as  is  more 
commonly  the  case,  the  leaf  is  said  to  be  exstipulate.  The  stipules 
are  commonly  winged  appendages,  similar  in  colour  and  texture  to 
the  lamina,  and  they  are  then  said  to  be  leafy  (Fig.  28  J5,  C),  as  in 
the  Willow,  the  Violet,  and  the  Rubiacese  where  they  vary  in  num- 
ber, and  they  are  especially  large  in  plants,  like  the  Pea,  where  the 
lamina  is  relatively   small ;  in  other  plants,  on  the  contrary,  they 


Fi6. 28.— il  Part  of  s  seesfle  leaf  of  Gmso  (Poa  triviali$)  with  the  ligule  t ;  a  tha  hanim ; 
V  tbe  iheathing  leaf-baae ;  I  lamina  of  the  leaf.  B  Leaf  of  a  Willow  (Salur  Caprea) ;  a 
»tem ;  I  $  gtipales ;  p  petiole;  /  lamina  ;*  h  axillary  ba<i  (nat.  size).  C  Leaf  of  a  Pea  (Pisttm 
•rmn)  I  A  Item ;  •  •  stipalea ;  r  meeopodinm  or  petiole ;  //leafets ;  rfrf  the  upper  lenf. 
lete  meumorphoeed  into  tendrils ;  r*  end  of  the  epipodiam  likewise  transformed  into  a 
teodril. 

are  small  brownish  scales,  which  fall  off  soon  after  the  leaf  is  un- 
folded, as  in  the  Beech^  the  Elm,  and  the  Lime.  Sometimes  the 
stipules  appear  as  teeth  on  the  upper  margin  of  the  sheathing  leaf- 
base,  as  in  the  Ro.se.  Occasionally  the  two  stipules  are  connate, 
that  is,  they  are  more  or  less  united  ;  when  they  cohere  by  their 
enter  margins  they  form  a  single  opposite  stipule,  opposite,  that 
is,  to  the  leaf  to  which  they  belong,  as  in  Astragalus  ;  when  they 
cohere  by  their  inner  margins  they  form  an  axillary  stipule,  that  is, 
»  stipnle  in  the  axil  of  the  leaf  to  which  they  belong,  as  in  Meli- 
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anthnB  and  Houttynia  cordata  ;  in  the  PolygonaceaB  they  cohere  bj 
both  their  inner  and  outer  margins,  thus  forming  a  tube,  termed 
an  ocrea,  which  surrounds  the  internode  above  the  insertion  of  the 
leaf  ;  when  the  stipules  of  opposite  leaves  cohere  they  form  on  each 
side  an  interpettolar  stipule,  as  frequently  in  the  RubiacesB  and  in 
the  Hop ;  this  may  also  ta-ke  place  when  there  are  several  leaves 
in  a  whorl,  as  in  the  epicalyx  of  certain  RosacesB. 

In  some  cases  (e.g.  Smilax)  the  stipules  seem  to  develope  in  the 
form  of  tendrils,  and  in  other  cases  (e.g.  Robinia)  as  spines. 

Stipules  are  comparatively  common  in  Dicotyledons;  they  are 
absent  in  the  Coniferae;  absent  in  Monocotyledons,  except  perhaps 
^faiadacesB  and  Smilax ;  absent  in  most  Pteridophyta,  except  the 
MarattiaceaB  among  Ferns.      In  Tropreolum  majus   only  the  two 

leaves  which 
succeed  the 
cotyledons 
have  stipules. 
The  leaflets 
of  a  compound 
leaf  sometimes 
have  stipules 
at  their  bases, 
as  in  Phaseo- 
lus,  which  are 
distinguished 
as  stipeis. 

In  a  leaf 
without  a  pe- 
tiole it  some- 
times happens 

that  the  leaf-base  is  winged  in  continuity  with  the  lamina;  the  re- 
sult is  that  the  wings  extend  round  the  stem,  either  incompletely 
(Fig.  29-4)  when  the  leaf  is  said  to  be  auriculate;  or  completely 
(B)  when  it  is  said  to  be  perfoliate  ;  when  this  occurs  in  two 
opposite  leaves,  the  leaves  become  connate  (C ;  see  p.  37). 

There  i^,  in  some  cases,  a  delicate  membranotis  ventral  oatgrowth  on  the  leaf 
at  the  junction  of  epipocliuni  and  hypopodium,  termed  the  Ugnle  ;  it  occurs  in 
Grasses  (Fig.  28  A)^  in  Selaginella  and  Isoetes,  and  in  the  perianth-leaves  of 
some  flowers  (Narcissus,  Lychnis). 


Fie.  29.— The  fnserlinn  of  sei^sile  leaves.  A  Anrical&te  leaf  of 
Thlatpi  yerfoliatum.  B  porroliateleaf  of  BupUurum  rotundij'olium, 
C  connate  leaves  of  Lonietra  CayrifoUum. 


The  Megopodium  or  Petiole  is  commonly,  but  not  aVays,  present 
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When  it  is  present  the  leaf  is  said  to  petiolate ;  when  it  is  absent, 
temle.  It  is  developed  by  intercalary  growth  in  a  poi^tion  of 
tbe  primordial  leaf  lying  between  the  hypopodinm  on  the  one 
side  and  the  epi  podium  on  the  other.  The  most  common  form  of 
the  petiole  is  somewhat  cylindrical ;  thoagh,  where  the  dorsiven- 
irality  of  the  leaf  is  well-marked,  it  is  convex  on  the  lower 
(dorsal)  sarface,  and  flattened  or  grooved  on  the  upper  (ventral) 
sarface.    In  the  Aspen  (Fopuliis  iremula)  it  is  flattened  laterally. 

OccasioDally  {e,g.  Orange,  Fig.  32  Q\  Nepenthes,  Fig.  37; 
Biooflea)  the  petiole  is  winged. 

In  some  cases  {e.g,  Australian  Acacias)  tbe  petiole  has  somewhat 
the  form  of  a  lamina.  Its  flattened  surfaces  are  directed  laterally, 
the  edges  upwards  and  downwards,  so  that  the  symmetry  is  isobi- 
lateral.  A  petiole  of  this  form  is  termed  a  phyllode.  In  such  cases, 
the  lamina,  originally  present,  soon  falls  off. 

The  Ejnpodium  may  be  either  winged  or  ununnged.  The  winged 
epipodium  constitutes  the  lamina  or  blade  of  the  leaf,  and  is 
typically  flattened  and  expanded  in  form  and  dorsiventral  in 
8vmmetry :  but  this  is  not  always  the  case,  for  in  some  plants  it 
assomes  the  form  of  a  sac  or  pitcher  (e,g,  Utricularia,  Nepenthes, 
etc.),  and  in  others  the  symmetry  is  isobilateral  (e.g,  adult  leaves 
of  Eucalyptus  Globulus), 

The  form  of  the  unwinged  epipodium  presents  great  variety ; 
thus,  in  Lathyrus  Aphaca  the  epipodium  branches  into  leaf- tendrils, 
and  this  is  partially  the  case  also  in  the  Sweet  Pea  (Fig.  28  G)  ; 
it  is  filamentous  in  Chara  and  some  other  Algas ;  cylindrical  or 
prismatic,  as  in  Onion,  Sedum,  Mesembryanthemum,  Aloe;  acicular 
M  in  Pin  as ;  narrow,  and  flattened  antero-posteriorly  (ensiform) 
so  that  the  margins  correspond  to  the  dorsal  and  ventral  surfaces 
of  a  dorsiventral  leaf,  with  isobilateral  symmetry,  as  in  Iris  and 
Gladiolas. 

The  flattened  dorsiventral  lamina  is  normally  so  placed  with 
regard  to  the  parent  stem  that  a  plane,  which  includes  the  longi- 
tudinal axes  of  both  the  stem  and  the  leaf,  cuts  the  lamina  into 
two  lateral  halves ;  in  other  woi'ds,  it  is  so  placed  that  its  upper 
(ventral)  surface  faces  the  apex  of  the  stem,  and  its  lower  (dorsal) 
surface  is  directed  away  from  it.  As  a  rule,  the  two  lateral  halves 
of  the  lamina  are  symmetrical ;  but  in  some  cases  (e.g.  Elm, 
Begonia)  they  arc  unsymmotrical,  when  the  lamina  is  said  to  be 

The  nltimaio   form  of  the  lamina  mainly  depends  upon  the 

V.8.B.  E 
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dep^rce  of  elongation  of  the  epipodium.  When  the  cpipodinm 
cloDgateB  considerably,  the  lamina  has  a  well-roarked  primary 
axis  from  which  more  or  less  numerous  secondary  axes  of  growth 
successively  spring,  and  these  in  turn  bear  lateral  axes  of  a  higher 
order :  the  resulting  lamina  is  then  of  the  pinnate  type  (Fig.  30 
A).  When,  however,  the  epipodium  remains  short,  it  constitutes 
merely  an  intercalary  growing- point  from  which  a  number  of 
equal  secondary  axes  spring,  and  the  resulting  lamina  is  of  4;he 
pahnate  type  (Fig.  SO  B). 

The  development  of  the  peltate  lamina,  closely  connected  with 
that  of  the  palmate  type,  is  efEected  by  a  peculiar  form  of  basipetal 


FfO.  dO.—A  Pinnate  leaf  of  the  Beech,  Fagut  tyivaliea ;  m  mid-rib,  n  lateral  rib*.  B  rul- 
mate  leaf  of  Alchemilla  VHlgnri$  (nat-  aize).  C  Pedate  leaf  of  the  Plane  (i  nat.  aise).  1,  J, 
3,  are  tlie  ribs  or  azea  of  the  lat,  2nd,  and  Srd  order. 


growth.  In  peltate  foliage-leaves  (e.g.,  Tropoeolum,  Nelumbium, 
Hydi-ocotyle,  Cotyledon,  Lnpinus,  etc.)  the  petiole  is  inserted  in 
the  middle  of  the  under  surface  of  the  lamina,  so  that  the  long 
axis  of  the  foi-mer  is  perpendicular  to  the  plane  of  expansion  of 
the  latter.  At  first  the  development  is  that  of  a  palmate  leaf, 
the  petiole  being  inserted  at  the  base  of  the  lamina,  and  at  the 
point  of  insertion  there  is  an  intercalary  growing- point  from  which 
spring  several  axes  (Fig.  31  B,  i.2.»)  in  basipetal  succession.  But 
in  this  case  the  last-formed  axes  (i-i  w.  in  the  figure)  grow  out 
in  front  of  the  petiole,  with  the  result  that  the  whole  lamina 
irradually  comes  to  lie -perpendicularly  to  the  petiole. 
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The  main  axes  of  growth  frequently  grow  thicker  than  the 
rest  of  the  lamina,  so  that  they  project  as  ribs  on  the  nnder 
sarface.  The  thickened  primary  axis  (epipodium)  of  a  pinnate 
lamina  is  termed  a  mid-rib. 

'llie  Branching  of  the  Leaf  is  commonly  confined  to  the  epipo- 
dium, and  then  it  takes  place  in  the  lateral  plane ;  less  commonly 
it  occars  in  the  mesopodiam  (e,g,  species  of  Ophioglossum,  Bo- 
trjchinm,  Marsilea),  and  then  (as  in  these  plants),  the  branching 
frequently  takes  place  in  the  antero-posterior  (or  dorsi  ventral) 
plane.  As  a  rule  the  primoi*dial  leaf  is  unsegmented,  thoagh  in  the 
foliose  JongermanniacesB  it  consists  of  two  segments  from  the  fii-st. 

The  branching  of  the  epipodinm  is,  like  that  of  a  stem  or 
a  root,  either  dichotomons 
or  lateral,  and  essentially 
the  same  forms  of  bi*anch- 
sjgtems  are  produced.  Di- 
chotomons branching  is  com- 
paratively rare  :  it  has  been 
observed  in  the  Hymeno- 
phyllace®,  the  branches 
either  remaining  distinct  or 
forming  sympodia.  The  two 
first  leaflets  of  Marsilea  are 
said  to  be  formed  by  dicho- 
tomy. Lateral  branching  is 
the  more  common  form,  and 
the  resulting  branch-systems 
are  typically  monopodial. 
Bat  in  some  cases  (e.g.  leaf 
of  Plane,  Fig.  30  C;  of  Helle- 
boras,  and  of  some  Aroids) 
thero  is  apparently  cymose 
branching  with  formation  of 
a  sym podium. 

The  ribs  of  the  lamina  represent  distinct  axes  of  gi'owth  ;  they 
are,  in  fact,  branches  of  the  epipodium.  The  degree  of  seg- 
mentation of  the  lamina  depends  upon  the  relation  between  the 
growth  of  the  various  main  axes  and  the  marginal  growth  of 
their  respective  wings  (see  Figs.  30  and  31).  When  these  keep 
pace  with  each  other  the  lamina  is  altogether  unsegmented, 
that  is,  its   margin  is  entire ;    when  the  growth   of  the  axes  is 


Fio.  31.  —  Developmeni  of  peltate  leaf  of 
Hydrocotyle:  A  fall-gro^ra  (nat.  sizo);  Ji  very 
yonng;  C  somewhat  older  (B  and  Cx60); 
8  petiole;  1-5  primary  axes  of  growth  in  young 
leaye«,  ribs  in  adult  leaf;  a  secondary  axen  of 
growth. 
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rather  more  vigorous  than  that  of  the  corresponding  wings,  the 
margin  hecomes  somewhat  uneven  (dentate,  serrate) ;  when  the 
difEerence  between  them  is  considerable,  the  lamina  is  lohed ;  and 
when  still  greater,  it  consists  of  a  number  of  distinct  segments, 
leaflets,  connected  only  bj  their  common  attachment  to  the  mid- 
rib, in  the  case  of  pinnate  leaves,  or  to  the  petiole  in  the  case  of 
palmate  or  peltate  leaves.  Whilst  ineqnalties  of  the  margin  are 
indications  of  branching,  the  lamina  is  regarded  as  simple  so  long 
as  the  segmentation  is  incomplete;  it  is  only  when  the  segmenta- 
tion is  complete,  as  in  the  last-mentioned  case,  that  the  leaf  is 
said  to  be  compound. 

The  following  examples  will  serve  to  illnstrate  the  foregoing  principles.  The 
simple  leaf  of  the  Beech  (Fig.  80)  has  an  entire  pinnate  lamina;  the  leaf  of  the 
Shepherd's  Purse  {Capsella  Buna-PaUitriif  Fig.  32  C)  is  simple,  but  the  lamina 
is  deeply  pinnately  lobed.  Various  forms  of  compound  pinnate  leaves  are 
represented  by  Fig.  28  C,  and  by  Fig.  32  B,  D,  £,  jP,  H,  where  the  distinct 
segments  or  leaflets,  termed  pinnat  are  inserted  on  the  common  primary  axis 
(phyllopodium).  In  H  each  pinna  is  itself  compound,  being  segmented  into 
pinnules  which  bear  the  same  relation  to  the  secondary  axis  of  each  pinna  as 
that  secondary  axis  does  to  the  primary  axis  of  the  whole  leaf ;  such  a  leaf  is 
said  to  be  hipiunattt  and  when  the  segmentation  is  carried  farther  the  leaf 
becomes  iripinnate^  etc. 

In  compound  pinnate  leaves,  the  leaflets  are  commonly  opposite  to  each 
other.  When  only  one  pair  of  leaflets  is  present,  the  leaf  is  said  to  be  uiii ju- 
gate ;  when  two  pairs,  hijugate ;  when  many  pairs,  multijugate.  When  the 
axis  (whether  primary  or  secondary)  is  terminated  by  a  leaflet,  the  leaf  is  said 
to  be  imparipinnate  (Fig.  32  D) ;  when  there  is  no  terminal  leaflet,  the  leaf  is 
paripinnate  (Fig.  32  E).  When,  as  in  the  Potato  and  Potentilla  aiiterina,  pairs 
of  small  leaflets  alternate  with  pairs  of  larger  ones,  the  compound  leaf  is  said 
to  be  inteirvptedly  pinnate.  The  difference  in  size  of  the  leaflets  is  simply 
due  to  the  more  active  growth  of  the  larger  ones. 

The  order  of  development  of  the  leaflets  of  compound  pinnate 
leaves  depends  upon  the  position  of  the  growing-point  in  the 
longitudinal  axis  (see  p.  17).  When  it  is  apical,  the  leaflets  are 
developed  in  acropetal  succession  (e.g.  Pea,  Ailanthus,  etc.); 
when  it  is  basal,  in  basipetal  succession  (e.g.  Myriophyllum,  Poten- 
tillu  anserina)  ;  when  there  is  both  an  apical  and  a  basal  growing, 
point,  in  divergent  succession,  that  is,  both  acropetally  and  basi- 
petally  (e.g.  Achillea  Millefolium,  etc.). 

With  regard  to  palmate  leaves,  Fig.  32  J,  is  an  example  of  a  deeply  lobed 
lamina;  and  £,  of  a  compound  palmate  leaf.  It  will  be  observed  that  in  the 
compound  palmate  lamina  of  the  Clover  (Fig.  32,  B)  there  are  three  leaflets ; 
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such  a  leaf  is  said  to  be  ternate.  This  segmentation  may  be  repeated  in  the 
leaflets,  when  the  leaf  is  said  to  be  bitemate,  triUmate,  etc.  On  comparing 
Fig.  32  B  and  F,  the  close  relation  between  pinnate  and  palmate  leaves  be- 
comes apparent.  A  temate  leaf  is  nsnally  considered  to  belong  to  the  palmate 
type,  bnt  it  might  almost  eqaally  well  be  regarded  as  an  imparipinnate  nniju- 
gate  leaf. 


Fio.  St.— Segmentation  of  leaves,  p  Petiole ;  p*  petiolnle ;  f  leaflet ;  r  pbyllopodinm.  A 
Pilmuifid  or  palmately  lobed  leaf  of  Geranium.  B  Temate  (compound  palmate)  leaf  of 
CloTer.  C  PinnatiBeeted  leaf  of  Shepherd's  Purse  (Capsella).  Componnd  pinnate  leaves : 
D  ImparipiDnate  leaf  of  Hippocrepis  eomoaa ;  t  terminal  leaflet.  B  Paripinnate  leaf  of 
fiiUda  L»nti$ey» ;  <|  wing  of  the  phyllopodium.  F  Imparipinnate  unijugate  leaf  of  Medi- 
CHo.  This  differs  from  J9,  which  is  temate,  inasmuch  as  the  secondary  leaf-stalks  p'  do 
Botsll  spring  from  one  point,  but  the  common  leaf-stalk  p  extends  beyond  the  insertion 
of  the  single  pair  of  pinnae ;  «  projecting  rib,  or  mucro.  Q  Leaf  of  the  Orange ;  the  articu- 
lation a  between  the  blade  and  the  winged  petiole  shows  that  it  is  really  a  compound  leaf 
vith  a  single  terminal  leaflet,    fl  Bipinnate  leaf  of  Acacia :  r'  secondary  axis ;  f"  secondaiy 


•H  PART   I. — THE   MORPHOLOGY   OF   PLANTS.  [§  12. 

Occaaionallj  the  margin  of  the  lamina  bears  outgrowths  which 
are  not  connected  with  branching,  bat  are  of  the  nature  of  emer- 
gences, as  in  Mnium  serratum,  the  Cherrj  Laurel,  Naias,  yarions 
Conifers,  etc. 

A  nnmber  of  tenns  are  used  in  Depcriptive  Botany  for  the  purpose  of  precisely 
describing  the  varioos  parts  of  plants.  The  more  important  of  these  terms,  and 
those  the  meaning  of  which  is  not  obvious,  will  now  be  defined. 

(1)  The  Outlitie  of  bilateral  bodies,  such  as  the  lamina  of  the  leaf,  but  of 
multilateral  bodies,  such  as  fruits,  as  well,  is  said  to  be  linear  when  the  two 
margins  run  nearly  parallel  to  each  other ;  e.g.  the  leaves  of  most  Graaseii. 
If  the  margins  are  curved  and  intersect  at  each  end  at  an  angle,  the  outline 
is  said  to  be  lanceolate  or  elliptical,  accordingly  as  the  long  axis  is  many  times 
longer  than,  or  only  twice  as  long  as,  the  transverse  axis.  If  the  two  curved 
margins  round  off  at  each  end,  then  the  terms  oblong  and  oval  are  to  be  sub- 
stituted for  the  two  preoedin^?. 

If  the  longest  transverse  diameter  lies  relatively  near  to  the  base,  then  the 
outline  is  said  to  be  ovate ;  if  relatively  near  to  the  apex,  ohovate. 

(2)  The  Apex  may  be  either  acute  or  obtuse  ;  when  it  is  long  drawn  out  it  is 
said  to  be  acuminate  ;  when  there  is  a  sharp  projecting  point,  it  is  said  to  be 
mueronate  (Fig.  32  jP) ;  truncate,  when  it  is,  as  it  were,  cut  short  across  (Fig. 
82  D) ;  emarginate,  when  there  is  a  depression  in  the  obtuse  apex ;  obcortlate, 
when  the  apical  depression  is  deep. 

(S)  The  Bate  may  be  described  by  many  of  the  preceding  terms,  but  the 
following  are  especially  applied  to  it :  it  is  cordate  when  it  is  deeply  indented 
in  the  median  line ;  tagittate,  when  the  lobes  on  each  side  of  the  indentation  are 
angular  and  diverge  backwards ;  hastate,  when  the  lobes  diverge  outwards. 

(4)  The  Margin  is  said  to  be  entire  when  it  does  not  present  any  depressions 
or  prominences ;  when  the  prominences  are  slight  and  rounded,  the  margin  is 
said  to  be  crenate  ;  dentate  or  toothed,  when  the  prominences  are  pointed  and 
Rtand  straight  outwards;  serrate,  when  the  pointed  prominences  slant  for- 
ward. 

If  the  incisions  in  the  margin  are  deep,  the  part,  a  leaf-blade  for  instance, 
or  a  gamosepalons  calyx,  is  said  to  be  lobed  when  the  incisions  do  not  extend 
to  the  middle ;  if  they  extend  to  the  middle,  it  is  said  to  be  partite ;  and 
dissected  when  they  extend  nearly  to  the  base  (Fig.  32  C7). 

The  segmentation  of  the  lamina  takes  place  in  some  Monocotyledons  (Palms) 
in  an  altogether  different  manner  from  that  described  above.  The  lamina  is 
at  first  entire,  but  it  becomes  divided  by  the  dying  away  of  strips  of  tissue  (see 
also  p.  22). 

The  Venation  of  the  Lamina.  The  mid-rib  and  other  ribs  of  the 
lamina  indicate  the  course  of  the  larger  vascular  bundles;  and 
from  tbece,  numerous  branches  are  given  off  which  permeate  the 
tissue  of  the  lamina,  constituting  its  Venation.  When  the  leaf 
decays,  the  ribs  and  the  vascular  tissue  persist  longer  than  the 
soft  parts  as  a  skeleton  which  retains  the  general  form  of  the  lamina. 
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In  Aponngeton  fenestralis  most  of  the  softer  tissae  decays  whilst 
tbe  leftf  is  still  living,  so  that  the  lamina  consists  of  little  more 
than  the  vascular  skeleton. 

Tbe  main  features  of  the  venation 
are  determined  by  the  type  of  develop- 
ment of  tbe  lamina.  In  a*  pinnate 
lamina,  the  venation  is  pinnate ;  in  a 
palmate  lamina,  palmate ;  in  a  pedate 
leaf,  pedate ;  in  a  dichotomonsly  branch, 
ing  lamina,  the  venation  is  also  dicho- 
tomons,  or  as  it  is  specially  termed, 
furcate.  But  there  is  considerable 
variety  in  the  distribution  of  the  smaller 
Tascalar  bandies :  thus  the  venation  of 
the  individual  segments  of  a  palmate  or 
a  pedate  leaf  is  frequently  pinnate. 


Ffo.  33.— T^eaf  of  a  yoang  Fern, 
with  free  pinnate  venation ;  m  tbe 
midrib ;  •«  the  large  lower  lateral 
veins ;  n  the  weak  upper  lateral 
veins  ( x  3). 


Aeoordiog  to  the  distribution  of  the  veiDS 
and  their  branches,  the  following  varieties  of 

Tenation  may  be  distingaished ;  they  are,  however,  connected  by  intermediate 
forms. 

a.  The  venation  is  said  to  he  free  when  the  veins  end  free,  without  forming 
ioutomoses,  at  the  margin  of  the  leaf ;  this  is  the 
case  in  the  leaves  of  many  Ferns  (Fig.  33) ;  of  Ginkgo 
(Salisboria),  Arauearia  imbricata  and  others,  amoug 
Conifene ;  of  most  Gycads ;  of  Water-Crowfoots,  etc. 

k.  The  venation  is  said  to  be  paralUl,  ivhen  nn- 
meroas  adjacent  veins  run  parallel  to  each  other 
towards  either  the  apex  (Fig.  31)  or  the  margin  of  the 
blsde,  and  then  unite  by  curving  inwards  (Fig.  34  a). 
Tbej  are  connected  in  their  course  by  short  veinlets 
(Fig.  84  r.)  which  run  usually  at  right  angles  to  them. 
This  form  of  venation  is  to  be  found  in  the  leaves  of 
most  Monocotyledons,  such  as  Grasses,  Lilies,  and 
Pslmg,  with  various  modifications.  For  example  in 
some  eases  (e.g.  Orehit  Morio)  many  veins  enter  the 
blade,  but  they  branch  scarcely  at  all ;  in  other  cases 
lateral  veins  spring  at  an  acute  angle  from  a  midrib 
vhich  is  prominent  at  the  base  at  least,  and  then 
nin  towards  the  apex  {e.g.  Maize  and  other  Grasses, 
I>ne«na8,  etc.) ;  in  others,  again,  the  lateral  veins 
spring  almost  perpendicularly  from  the  well-developed 
mid-rib,  and  run  out  to  the  margin  parallel  to  each 
other,  and  then  turn  towards  the  apex  of  the  leaf 
(*§.  Canna,  Musa,  etc.). 

t'  The  venation  is  said  to  be  reticulate,  when  the 


It 

Fifl,  3i.  —  Apex  of  a 
Grass-leaf  showing  paral- 
lei  venation ;  m  middle 
vein;  a  anastomoses;  v 
veinlots  (  x  4). 
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Fio.  85.— Portion  of 
a  leaf  of  Salic  oajtrea 
with  reticiilnto  vena- 
tion: m  mid-rib;  n  the 
)arfrer  lateral  ribe;  « 
the  anastomoBing  veins 
4nat.  size). 


veins  branch  repeatedly  at  Tarioas  angles,  and  the  branches  for  the  most  part 
anastomose  (Fig.  85).  Some  of  thorn,  however,  end  blindly  in  the  meshes  of 
the  network.  This  kind  of  venation  is  characteristic 
of  Dicotyledons;  but  it  also  oocnrs  in  some  Mono- 
cotyledons {e.g.t  Paris,  Dioscorea,  Smilax,many  Aracese) 
and  many  Ferns. 

The  Different  Forms  of  Leaves. — The  leaves 
of  different  plants,  as  might  be  expected,  are 
not  alike,  bat  differ  more  or  less  widely  in 
size,  shape,  colour,  and  textnre.  Bat  even  the 
leaves  borne  on  one  and  the  same  plant  are 
not  all  alike,  the  reason  of  their  dissimilarity 
being  that,  as  there  are  different  fanctions  to 
be  performed,  the  leaves  are  varionsly  adapted 
in  form  and  stmctare  to  the  performance  of 
special  fanctions.  Farther  than  this,  the 
same  leaf  may  present  different  saccessive 
forms,  or  a  difference  of  form  in  its  various 
parts,  because  it  may  perform  different  fanc- 
tions, either  at  different  times,  or  simul- 
taneously by  its  different  parts. 
1.  Foliage-leaves  are  usaally  known  simply  as  leaves  (Fig.  36  L). 
They  are  conspicuous  on  account  of  their  green  coloar,  and  in 
accordance  with  their  nutritive  function  (see  Part  IV.),  they  are 
expanded  as  much  as  possible  to  the  sun- light.  If  they  are  small 
they  arc  very  numerous  (Conifers),  and  the  larger  they  are  the  fewer 
they  are  (San-flower,  Paulownia).  They  nearly  always  possess  a 
well-developed  lamina,  which  presents  the  various  peculiarities  of 
conformation  previously  described. 

Tho  textnre  of  the  leaf  is  dependent  upon  the  mode  and  dura- 
tion of  its  existence.  The  texture  of  most  leaves  may  be  described 
as  herbaceous.  Leaves  of  this  kind  last  usually  for  only  a  single 
season,  and  die  or  fall  off  in  the  autumn.  Leaves  of  firmer 
texture,  which  are  said  to  be  coriaceous,  survive  the  winter,  and 
cither  fall  off  when  the  new  leaves  are  developed  (the  Privet),  or 
continue  to  live  for  several  years  (Holly,  Box,  and  most  Conifers)  ; 
the  acicular  leaves  of  the  latter  may  persist  for  as  many  as  twelve 
years  (Silver  Fir).  Fleshy  or  succulent  leaves  occur  in  plants 
inhabiting  dry  regions  or  positions,  such  as  Aloe,  Sedura,  etc. 

It  is  worthy  of  note  that  foliage-leaves  of  different  form  some- 
times occur  on  the  same  shoot.     For  instance,  it  is  commonly  the 
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caAe  that  the  first  leaves  of  jonng  plants  are  of  a  form  different 
from,  and  nsuallj  simpler  than,  that  of  those  which  are  snbse* 
qaentlj  prodnced,  and  exhibit  a  greater  resemblance  to  those  of 
allied  plants.  Thus,  Euccdyptus  Globulus  has  at  first  oval  dorsi- 
Tentral  leaves,  and  subsequently  elongated  isobilateral  leaves. 
Again,  the  primary  leaves 
or  cotyledons,  when  they 
develope  into  foliage 
leaves,  are  always  dif- 
ferent in  form  from  the 
sabseqnently  developed 
foliage- leaves,  being  much 
simpler.  In  many  water- 
plants,  the  submerged 
leaves  are  different  from 
those  which  float  at  the  sur- 
face; thus,  in  many  species 
of  Potamogeton,  the  sub- 
merged leaves  are  narrow 
and  ribbon -like,  whereas 
the  floating  leaves  are 
hroadly  elliptical ;  in  many 
aqoatic  species  of  Ranun- 
cuius,  the  former  are  finely 
divided,  whereas  the  latter 
have  a  circular  lamina. 
Again,  the  submerged 
leaves  of  Salvinia  are  fila- 
mentoas,  whereas  the  float- 
ing leaves  are  flattened 
and  oval. 

The  simultaneous  occur- 
rence of  two  forms  of 
foliage-leaf  on  a  plant  is 
termed  heterophyJly, 

In  certain  plants  the 
foliage-leaves  assume  re- 
markable forms  in  connection  with  their  adaptation  for  catching 
small  animals  or  for  collecting  water  (e,g.  Nepenthes,  Cephalotus, 
Sarraoenia,  Utricularia,  Dischidia,  etc.).  In  these  the  lamina  is 
metamorphosed  into  a  pitcher  or  ascidium.     The  development  of 


Fib.  36.— Thrre  fbnna  of  leaves  on  the  stem  of 
Maianthtmum.  bi/otium  (nat.  Bi'se):  ?r  catapb jllary 
re^on ;  L  region  of  the  foliage-leaves ;  H  hypso- 
pbyllary  region;  d  the  bracts;  6  the  flowers  in 
their  axils,    w  Roots. 
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the  pitcher  begins  in  very  much  the  same  way  as  that  of  the  lamina 
of  a  peltate  leaf ;  but  instead  of  remaining  flat,  it  becomes  tubular 
by  continued  basal  intercalary  growth  (see  p.  17).  The  leaf  may, 
as  in  Sarracenia  and  Darlingtonia,  be  sessile;  or  it  may  be 
petiolate,  as  in  Cephalotus  and  Nepenthes :  in  Nepenthes  (Fig. 
37)  the  petiole  is  winged  for  some  distance  in  its  lower  portion. 
The  lid,  when  present,  is  a  development  of  the  apical,  or  sub-apical 
(Nepenthes),  poHion  of  the  lamina;  at  its  first  development  it 
adheres  firmly  to  the  rim  of  the  ascidium,  from  which  it  eventually 
separates,  except  at  the  point  of  attachment ;  the  lid  is  bilobed. 
2.  Leaf'TendnU  (see  p.  49)  are  leaves  or  parts  of  leaves  which 
have  a  somewhat  filamentous  form,  and 
which  possess  the  property  of  twisting 
spirally  round  foreign  bodies,  thus 
fixing  the  plant  (see  Part  IV.).  In 
species  of  Clematis,  Tropoeolum,  etc., 
this  function  is  performed  by  the  pe- 
tiole of  the  foliage-leaf ;  but  in  the 
Vetches  and  Peas  there  is  a  division 
of  laboar  of  this  kind,  that  the  anterior 
leaflets  of  the  pinnate  leaf  are  modified 
into  tendrils  (Fig.  28,  O,  rf) ;  in  La- 
thyrus  Aphaca  all  the  leaflets  undergo 
this  metamorphosis,  and  the  special 
functions  of  the  foliage-leaves  are  dis- 
charged by  the  stipules.  The  tendinis 
of  the  CucurbitacesB  are  also  metamor- 
phosed leaves. 

3.  Leaf' 8 pines  are  leaves  or  parts  of 
leaves  which  are  modified  into  pointed, 
hard,  woody  structures.  Spiny  teeth 
are  often  present  on  foliage  leaves  (e.g. 
Holly,  Thistles);  in  species  of  Caragana  and  Asti'agalus  the  phyl- 
lopodium  of  the  pinnate  leaf  becomes  a  spine  after  the  falling-off 
of  the  green  leaflets  ;  finally,  the  entire  leaf  becomes  spiny  in 
Berberis  (Fig.  38). 

4.  Scales  or  cntaphyUarij  leaves  (Fig.  36  N),  These  are  usually 
of  a  yellow  or  brown  colour,  of  simple  structure,  without  project- 
ing veins,  and  are  attached  to  the  stem  by  a  broad  base.  They 
may  be  regai'dod  in  some  cases  as  leaf -bases,  the  laminsB  of  which 
have  not  developed ;  and  in  other  cases,  as  entire  leaves  which 


Pig.  87.-Pitehcred  leaf  of  Ne- 
pentbee.  a  Organic  npex  of  leaf ; 
b  leaf-ba»e ;  p«t  petiole,  winged 
in  its  basal  portion  ;  <u  ascidium  ; 
I  its  lid;  /r  fringe  of  ascidiom 
(reduced). 
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ha?e  remained  in  a  rndimeutarj  condition.  They  always  occur 
on  subterranean  stems  (e.g,  the  scales  of  the  Onion,  see  also  Figs. 
22  and  23  n),  and  sometimes  on  atrial  stems.  Many  plants  which 
are  not  green  (Orobanche,  Neottia)  prodnce  only  cataphyllary 
leaves  in  addition  to  the  floral  leaves.  The  most  common  form  in 
which  they  occur  upon  aerial  stems  is  that  of  scales  investing  the 
bods  of  trees.  In  this  case  they  are  the  lowest  leaf.strnctnres 
borne  by  the  annual  shoot,  and  usually  fall  off  as  the  bud  developes. 
Some  few  indigenous  trees  have  naked  buds  without  scales,  as 
Viburnum  Lantatia,  Comus  sangutneaj  RhamnHS  Frangula;  their 
bads  are  protected  by  a  dense  growth  of  hairs. 

The  following  varieties  of  bnd  scales  may  be 
dittingaished  :— 

«.  Tb«  bad- scales  are  tbe  stipnles  of  leaves 
which  develope  a  lamina ;  as  in  Alnns,  Lirioden- 
dron,  Marattiacea. 

t.  The  bad-scales  are  the  stipnles  of  leaves 
which  devslope  no  lamina:  Oak,  Beech. 

c.  The  bnd-icales  are  leaf-bases,  the  lamina 
not  being  developed :  Maple,  Ash,  Horse-Chesinnt, 
Pmtu  Padnt, 

d.  The  bud-scales  are  lamina  or  epipodia : 
Like,  Privet,  Abietinea. 

In  tbe  last  ease  tbe  bad-scales  may  be  caused  to 
^velope  into  foliage-leaves  by  cutting  oft  the  top 
(i  the  branch,  or  removing  itn  leaves,  at  the  time 
vhea  the  bud-sriales  are  developing. 

Cataphyllary  leaves  are  sometimes 
thickened  so  as  to  serve  as  depositories 
for  nutritive  substances,  as  in  the  bulbs 
of  the  Onion,  Lily,  etc. 

0.  Br<ict$  and  Floral  Leaves  (Hypso- 
phyVt  and  Sporophylls ;  Fig.  36  H).  These 
leaves  are  generally  peculiar  in  form,  texture,  and  colour;  their 
morphology  is  discossed  in  connexion  with  that  of  the  reprodub- 
tive  organs  in  §  16,  p.  76,  as  also  in  Part  III. 

Vernation  and  Prefoliation.  The  forms  of  young  leaves  and 
their  relative  position  in  the  bud,  that  is  their  vematimi  and 
T^ffdintion  (cBsiivaiion  and  prefloration  of  floral  leaves),  require 
special  consideration. 

The  vtmation  (or  attivation)  is  said  to  be  plane  when  the  leaf  is  not  folded 
At  ill ;  it  is  conduplieaU  when  the  two  halves  of  the  leaf  are  folded  inwards 


Fio.  38.— Lear-spiDee  of  Ber- 
Una  vulgari$t  at  the  ba«e  of  a 
shoot  of  one  year's  growth, 
a  Leaf -spine  with  broad  sur- 
face ;  h  with  a  smaller  surface ; 
Ick  axillary  buds(nat.  size). 
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face  to  face  on  the  midrib  as  on  a  hinge  {e,g,  the  Bean) ;  it  is  plicate  when  the 
leaf  is  folded  in  nnmerons  longitudinal  or  oblique  pleats  {e,g.  the  Beech) ;  it  is 
crumpled f  when  the  foldings  are  in  all  directions  (e.g.  the  petals  of  the  Poppy) ; 
it  is  incolute^  when  the  lateral  haWes  are  rolled  inwards  towards  the  mid-rib 
on  the  ventral  surface  (e.g.  the  Violet) ;  it  is  reoolute^  when  they  are  rolled 
inwards  towards  the  mid-rib  on  the  dorsal  surface  (e.g.  the  Dock);  it  is  convolute 
when  the  whole  leaf  is  rolled  up  from  one  lateral  margin  to  the  other,  so  as  to 
form  a  single  roll  (e.g,  Ganna) ;  or,  finally,  it  is  eireinatft  when  the  leaf  is  rolled 
longitudinally  on  itself  from  the  apex  downwards  (e.g.  Ferns). 

The  form  of  yemation  of  the  indiyidnal  leaf  is  determined  by 
the  relative  activity  of  growth  in  its  different  parts.  For  instance, 
the  condnplicate,  involute,  convolute,  and  circinate  forms  are  all 
due  to  the  fact  that  the  leaves  which  present  them  are  hyponcutie, 
that  is,  that  the  dorsal  surface  grows  more  rapidly  at  first  than 
the  ventral ;  and  this  may  be  either  in  the  transverse  plane,  when 
the  infolding  is  lateral  or  transverse  (conduplicate,  involute,  con- 
volute) ;  or  in  the  longitudinal  plane,  when  the  infolding  is  longi- 
tudinal (circinate).  Be  volute  vernation  is,  on  the  contrary,  due 
to  the  fact  that  the  leaf  is  transversely  epinastic,  that  is,  that  the 
ventral  surface  grows  more  rapidly  at  first  in  the  transverse  plane 
than  does  the  dorsal.  The  expansion  of  the  leaf,  in  either  case,  is 
due  to  a  reversal  of  the  activity  of  growth ;  that  is,  the  surface 
which  grew  the  less  actively  in  the  early  stage  of  development, 
grows  the  more  actively  in  the  later  stage  (see  also  page  742, 
Epinasty  and  Hyponasti/), 

The  prefoHation  (or  prffloration)  is  said  to  be  valvate  when  adjacent  leaves  in 
the  bud  merely  touch  by  their  margins ;  when  some  are  overlapped  by  others  it 
is  imbricate ;  an  intermediate  form  is  that  in  which  one  margin  of  each  leaf 
is  directed  obliquely  inwards,  and  the  other  obliquely  outward  overlapping  the 
inner  margin  of  the  next  leaf,  and  is  termed  contorted  or  twiited  (e.g.  petab  of 
the  Periwinkle). 

Valvate  prefoHation  is  only  possible  in  the  case  of  whorled  leaves,  whereas 
imbricate  prefoliation  is  characteristic  of  spirally  arranged  leaves.  A  common 
form  of  imbricate  prefoliation  or  prefloration  is  the  quincujicial^  which  occurs  in 
the  many  dicotyledonous  flowers  which  have  a  }  calyx ;  the  five  imbricate  sepals 
are  ho  arranged  that  two  are  wholly  internal,  two  wholly  external,  and  one  partly 
internal  and  partly  external,  connecting  the  outer  two  with  the  inner  two  (see 
p.  496,  Phyllotaxy  of  tut  Flower).  Where  the  phyllotaxy  is  distichous  (^), 
the  vernation  of  the  leaves  is  generally  conduplicate,  and  the  margins  of  each 
older  leaf  overlap  those  of  the  next  younger  leaf,  giving  rise  to  a  form  of 
imbricate  prefoliation  distinguished  as  equitant  (e.g.  Iris) ;  in  some  cases  the 
overlapping  is  by  one  margin  only,  in  which  case  the  prefoliation  is  said  to  be 
temi-rquitant. 
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§  13.  The  Root.  It  mnst  be  clearly  apprehended  that  a 
subterranean  member  is  not  necessarily  a  root ;  nor  can  a  member 
be  termed  a  root  because  it  is  fonnd  to  absorb  water  and  salts  in 
Bolation,  for  in  rootless  plants  this  function  may  be  discharged  by 
shoots,  or  leaves,  or  hairs ;  nor  can  a  member  be  termed  a  root 
because  it  serves  as  an  organ  of  attachment  to  the  substratum,  for 
sacb  organs  may  be  emergences  (see  p.  66)  ;  only  such  members 
can  be  regarded  as  roots  which  bear  neither  leaves  nor  true 
reproductive  organs. 

It  is  not  always  easy  to  distiogaish  at  once  between  root  and  other  members. 
Thos,  in  some  of  the  lower  simpler  forms  of  plants  {e,g.  Alga,  gametophyets 
of  some  Vascular  Cryptogams)  it  is  difficult  to  distlngaish  betweea  roots  and 
root-hairs,  for  they  are  identical  in  stmctore,  and  in  neither  case  do  they  bear 
leaves  or  reproductive  organs,  Bat  a  stady  of  their  development  affords  the 
distinction.  For  example,  the  first  stage  in  the  development  of  the  gameto- 
pfayte  of  Eqoisetam,  and  some  other  Vascular  Cryptogams,  oonsists  in  the 
division  of  the  spore  by  a  transverse  wall  into  two  halves,  the  epibasal  and 
the  hypobasaL  The  former  grows  out  into  a  multicellular  filament  which 
developes  into  the  thalloid  shoot;  the  latter  grows  out,  in  a  diametrically 
opposite  direction,  into  a  delicate  unicellular  filament,  the  primary  root.  It  will 
be  observed  that,  at  the  time  of  their  first  development,  root  and  shoot  are  here 
co-ordinate  in  structure  (p.  6).  In  the  course  of  its  growth,  the  thalloid  shoot 
produces  outgrowths  from  its  cells  on  the  ventral  surface,  which  are  ideutical 
in  structure  with  the  primary  root.  These  are  not,  however,  roots,  but  root-hairs ; 
for  they  are  not  co-ordinate  in  structure  with  the  shoot  at  the  time  of  their 
devebpment.  Again,  the  simple  tubular  outgrowths  on  the  under  surface  of 
the  creeping  stem  of  Caulerpa  (Fig.  17),  are  not  root-hairs,  but  roots,  for  they 
sraeo-oidinate  in  structure  with  the  stem.  Similarly,  the  distinction  between 
roots  and  emergences  of  the  nature  of  haptera  and  haustoria  (see  p.  66)  is 
not  always  immediately  obvious.  Thus,  in  its  endogenous  development,  the 
hsostorium  of  Cuscuta  resembles  a  root,  but  it  differs  from  a  root  in  that  it  is 
developed  from  the  cortex.  Finally,  subterranean  shoots  often  closely  resemble 
roots,  but  may  be  distinguished  by  the  small  scaly  leaves  which  they  bear. 

The  root  is  sometimes  wanting  in  plants  where  it  might  be 
expected  to  be  present,  in  plants,  that  is,  of  which  the  body  is  not 
a  thallus  (e.g.  gametophyte  of  Mosses  :  sporophjte  of  Salvinia, 
Psilotum,  Utricularia,  Epipognm,  Corallorhiza). 

In  the  sporophytc  of  the  Vascular  Cryptogams  and  Phanerogams, 
there  are  certain  peculiarities  connected  with  the  structure  and 
development  of  the  root  which  contribute  to  its  morphological 
distinction.  As  a  rule,  the  growing-point  of  the  root  is  not  ex- 
posed, like  that  of  stems  or  leaves,  but  is  covered  by  a  structure 
termed  the  root-cap.    As  a  rule  also,  the  growing-point  of  the  root, 
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whctber  normal  or  adventitious,  ir  developed,  not  at  tbe  sarface, 
bnt  in  the  interior  of  the  tissue,  that  is,  endogenou$7y. 

There  are  exceptions  to  both  these  rules.  The  primary  root  of  some  p&ra> 
sitio  plants,  such  as  Orobanohe  and  Cuscuta,  has  no  root-cap,  as  also  the  sma.!! 
lateral  roots  which  spring  from  the  larger  roots  of  the  Horse-Chestnut.  In  some 
cases  {e.g.  old  roots  of  AznUa  caroHniana,  Hydrocharis,  PUtia  StratioUa)  a 
root-cap  is  present  at  first,  but  eventually  disappears,  the  growth  in  length  of 
the  root  being  arrested. 

Exogenous  development  has  been  observed  in  the  adventitious  roots  of 
Cardamine  prateiuii  (roots  of  adventitious  buds  developed  on  leaves) ;  of 
Neottia  Nidiit  Avia ;  of  Ntuturtinm  officitiale  and  iilvegtre  ;  of  Ruppia  roitellata 
(embryo) ;  Lycopodium,  Phylloglossum. 

The  root  which  is  developed  at  the  opposite  pole  of  the  embryo  io 
the  shoot,  is  termed  the  primai-y  root  (see  p.  15).  When  the  primary 
I'oot  persists  and  continues  its  ^^owth  (as  in  Oak,  Radish,  Beau, 
etc.),  it  is  termed  a  lap-root.  In  many  cases  (generally  in  Monocoty- 
ledons) the  growth  of  the  primary  root  is  limited,  so  that  it  attains 
bat  feeble  development.  In  other  cases  {e.g.  Orchids,  Phyllo- 
glossum, Selaginella)  no  primary  root  is  developed,  all  the  roots 
being  adventitious.  The  symmetry  of  the  root  is  most  commonly 
t*adial.  In  some  cases,  however,  the  root  is  isobilateral,  as  is  shown 
as  well  by  its  internal  structure  as  by  the  development  of  two 
opposite  longitudinal  rows  of  latei*al  roots.  In  other  cases  (e.g. 
attached  aerial  roots  of  epiphytic  Orchids  ;  roots  of  Podostemaceae) 
its  symmetry  is  more  or  less  distinctly  dorsi ventral. 

Roots  branch  either  dichotomously  (e.g.  Isoetes),  or  laterally 
(see  p.  33).  In  latei-al  branching  the  secondary  ix>ots  are  developed 
in  acropetal  succession  on  the  primary  root,  and  so  on.  The 
growing-points  of  the  lateral  roots  are  derived  from  that  of  the 
parent  root  (see  p.  21)  ;  but,  since  the  endogenous  lateral  roots 
take  some  time  in  reaching  the  sui-face,  they  are  only  perceptible 
externally  at  some  distance  from  the  apex  of  the  parent  root.  The 
terminal  apical  portion  of  the  parent  root  consequently  bears  no 
lateral  roots.  On  anatomical  grounds  (see- p.  186)  the  secondary 
ixwts  are  arranged  in  longitudinal  rows  on  the  primary  roots;  an 
arrangement  which  also  obtains  in  the  branches  of  the  secondary 
i-oots,  and  of  higher  ordei's. 

All  roots  which  ai'e  not  developed  as  branches  of  the  primary 
root,  that  is,  which  are  developed  from  other  members,  as  well  as 
all  branches  which  are  not  developed  in  aci-opetal  succession  on 
the  primary,  secondary,  or  higher  order  of  branches,  are  said  to  bo 
adventitious  (see  p.  21). 


§  13.]      CHAKTSB   II. — SPECIAL   MORPHOLOGY  OF   THK    MEMBERS. 


63 


AdTeniitions  roots  are  most  abundantly  produced  when  the  normal  root- 
Bjstem  is  feeble.  They  are  usually  developed  by  the  formation  of  growing- 
points  in  members  which  are  adult ;  but  in  some  cases  they  spring  from  the 
growing-point  of  the  shoot.  The  roots  of  Marattiacess,  of  Lycopodiuin  Phleg- 
oiaria  and  other  species,  of  Ounuera,  of  Nuphar,  all  take  origin  from  the 
growing-point  of  the  shoot ;  they  may  either  at  once  grow  out  to  the  surface,  or 
they  may  grow  down  through  the  tissue  of  the  stem,  emerging  at  its  base 
(Lycopodium),  or  between  some  of  the  lower  leaf-soars  (Marattia).  In  Neottia 
Nidut  Avis  the  adventitious  roots  are  largely  developed  from  the  intercalary 
growing-point  of  the  rhizome. 

The  form  of  tlie  root  is  nsnallj  cjlindrical ;  when  it  is  very 
delicate,  as  in  Gi-asses,  it  said  to  be  fibrous;  m  some  plants,  as 
mentioned  above,  it  is  hair-like.  The  primary  or  the  secondary 
roots  may  become  mach  swollen,  serving  as  depositories  for 
nutritive  substances ;  the  Turnip, 
the  Carrot,  the  Beet,  the  Radish, 
have  swollen  primary  roots;  the 
Dahlia  has  swollen  secondary  roots. 

Various  terms  are  employed  to  designate 
the  different  forms  of  swollen  roots ;  that  of 
the  Turnip  is  termed  napiform  ;  that  of  the 
Carrot,  conical ;  that  of  the  Kadish,  /tut- 
/orm  or  spindle-shaped  ;  those  of  the  Dahlia 
sod  of  some  terrestrial  Orchids,  tuherout. 

Many  plants  have  aerial  roots 
which  are  peculiar  both  morpho- 
logically and  physiologically.  The 
roots  of  epiphytes,  that  is,  plants 
(mostly  Orchids,  and  BromeliacesB) 
which  grow  on  trees  without,  how- 
ever, being  parasitic,  never  reach 
the  ground,  bat  serve  as  a  means  of 
attachment:  they  fi-equently  contain  chlorophyll  and  serve  as 
organs  of  assimilation,  especially  in  Podostemaceae.  Some  plants 
climb  by  means  of  aerial  roots  (e.g.  Ivy,  Tecoma  raclicans)^  which 
arc  developed  on  the  ventral  surface  of  the  dorsiventral  stem, 
and  adhere  closely  to  the  tree-trunk  or  wall  on  whicli  the  plant 
i«  climbing. 

In  some  rare  cases  the  aerial  root  is  a  tendril,  as  in  Vanilla 
aromoltca,  Lycopodium  rupesit'e  and  other  species,  and  in  some 
MelastomacesB  (Medinilla  radicam,  Dissochseta). 


Fio.  3!). -The  lateral  roots  n  aris- 
ing endogenously  from  the  pericycle 
of  the  tap-root  of  Yicii  Fahi  (Longi. 
tudinal  sec.  mMg.  6  times).  /  Axial 
cyliuder  (stele) ;  r  cortex  of  the  mMia 
root;  H  root-cap  of  the  lateral  root. 
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Boots  are  occasionally  developed  as  thorns,  as  in  the  Palms 
Acanthorhiza  and  Iriartea,  and  inMyrmecodia  (RabiaceiB). 

In  some  species  of  Jassiosa  (e.g.  J.  repens)  which  live  in  swamps, 
some  of  the  adventitious  roots  develope  into  floats,  containing  larg-e 
intercellular  spaces. 

§  14.  Hairs  and  Emergences.  Under  these  terms  are 
included  various  appendages  of  a  lower  morphological  value  than 
the  stem,  the  leaf,  or  the  root,  upon  all  of  which  they  may  be 
borne. 

They  are  frequently  of  adventitious  origin,  and  are  commonly 
not  developed  in  any  definite  order  of  succession.  Bat  when  tbey 
are  developed  in  progressive  succession,  as  in  the  gamefcophyte  of 
some  of  the  lower  plants,  it  is  by  no  means  easy  to  certainly 
distinguish  them  from  other  members  of  the  body.  For  instance, 
in  certain  Liverworts  {e.g.  Biccia,  Marchantia)  the  lower  (ventral) 
surface  of  the  thalloid  gametophyte  bears  one  or  two  rows  of 
scales  :  from  their  regular  arrangement  these  ventral  scales  might 
be  regarded  as  leaves,  were  it  not  that  in  other  forms  (e.g.  Corsinia, 
Clevea)  they  are  arranged  quite  irregularly.  The  close  relation 
between  hairs  and  leaves  in  the  gametophyte  is  further  indicated 
by  the  fact  that  in  some  foliose  Liverworts  (e.g.  Jungermannia 
bicuspidata)  the  ventral  leaves  (amphigastria)  of  other  forms  are 
each  represented  by  a  hair. 

(a)  Hairs.  Hairs  are  always  developed  from  superficial  cells;  a 
hair  usually  takes  origin  from  a  single  auperficial  cell,  but  some- 
times from  more  than  one.  Their  growth  is  generally  apical, 
but  sometimes  basal. 

Hairs  vary  in  form  and  structure;  they  may  be  unicellular, 
when  they  are  termed  simple;  or  multicellular,  when  they  are 
termed  compound  or  articulate:  they  may  be  branched  or  un- 
branched ;  they  may  be  filamentous  or  scaly.  They  subserve 
various  functions,  being  protective,  secretory,  or  absorbent. 

Various  terms  are  used  to  describe  hairs :  filamentous  hairs  which  are  secre- 
tory have  frequeutly  a  dilated  apex,  and  are  termed  capitate  ;  flattened  hairs 
which  are  star-shaped,  are  termed  stellate ;  discoid  flattened  hairs  are  termed 
radiate  or  peltate;  the  erect  flattened  hairs  of  Ferns  are  termed  pale€B  or 
ramenta.    When  haird  are  stiff  they  are  termed  bristle*  or  seta. 

Special  terms  are  used  to  indicate  the  nature  and  the  distribution  of  the  hairs 
on  a  member.  A  surface  which  bears  no  huirs  is  raid  to  be  glahrotu ;  when  the 
hairs  are  scattered  the  surface  is  pilote  ;  when  the  hairs  are  close  and  short, 
villoiu  ;  when  they  are  longer,  tomentote.  When  the  hairs  are  rather  stiff,  the 
surface  is  hirtute ;    when  bristly,  hi*pid.    When  the  hairs  are  borne  on  the 
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mATgin  only,  the  member  is  said  to  be  eiliaU.   A  surface  with  closely  appressed 
hairs  is  UpidoU  ;  a  member  bearing  ramenta  is  ranuntaceouB, 

The  root'hain  demand  special  notice.     Boot-hairs  are  hairs  which  perform  the 
f  onctions  of  absorption  and  attachment ;  they  are  commonly  developed  on  roots, 


Fie.  40.— Different  forms  of  hairs.  A  Branched  compound  hair  (YerbMcnm).  B  h 
Stinging.hair  with  baaal  caahion  p ;  \  simple  hair  (UrticaX  C  Branched  simple  hair,  seen 
from  the  eorface ;  •  epidermlB  (Matthiola).  D  Scaly  compound  hair  (Hippophae) ;  a  Been 
^m  Ibe  eorface;  h  seen  in  eeofcion;  o  central  cell;  r  radiating  cells;  istalk.cell;  « 
epidermis.    B  Bamentum  (Aspleniom) ;  h  the  point  of  attachment. 

ihoQRh  not  always,  for  they  are  absent  from  the  roots  of  a  nnmber  of  aquaiio 
pisnti  {e.g.  Butomtu  umbellatiu,  Caltha  paltutrU,  Hippnris,  Myriophyllum, 
Menyanthes,  Nymphaea,  Lemna) ;  they  may  be  deyeloped  on  the  thallus,  or 
the  thalloid  shoot,  in  the  gametophyte  of  Liverworts  and  homosporous  Vasonlar 
Clyptogams;  on  the  stem,  though  rarely  {e.g.  Corallorhiza,  Epipogam,  Psdotum), 
V.8.B.  f 


66 


PART  I. — THE   MOBPHOLOOT   OF   PLASTS. 


[§1^ 


or  eyen  on  leaves  {^g.  Salvinia),  They  are  always  unicellular,  and  it  is 
only  rarely  that  they  are  found  to  branch.  On  roots,  at  any  rate,  th^  are 
developed  in  aoropetal  succession. 

(6)  Emergences,  These  appendages  differ  from 
hairs  in  that  they  are  developed  not  only  from  super- 
ficial cells,  but  from  others  lying  beneath  them. 

The  commoner  forms  of  emergences  are  prickles 
(Fig.  41)  and  warts ;  more  specialised  forms  are 
the  tentacles  of  the  leaf  of  Drosera  (Figs.  42  and 
43)  ;  the  ligule  of  the  leaf  of  Grasses  (Fig.  28), 
Selaginella,  and  Isoetes  (see  p.  48);  the  corona  of 
Narcissus ;  the  cupule  of  Lannlaria  and  Marchantia. 
The  more  highly  developed  emergences  (e.g.  many 
prickles,  tentacles  of  Drosera)  of  Vascular  Plants 
frequently  contain  vascular  tissue. 
A  remarkable  kind  of  emergence  is  the  organ 
of  attachment,  termed  a  hapteron,  developed  on 
the  stalks  of  some  AIg89  (e,g,  Laminaria),  on  the 
stems  and  branches  of  Podostemaceae  and  on  the 
tendrils  of  some  Ampelidesd  and  Bignoniaceae? 
among  Phanerogams:  it  contains  no  vascular 
tissue  even  in  Vascular  Plants. 

The  suckers,  or  haustoria,  of  parasitic  plants^ 
(e.g,  Cuscuta,  Orobanche,  Thesium,  Bhinanthus, 
etc.)  are  also  emergences,  being  developed  from 
the  cortical  tissue  of  the  root  or  stem  bearing 


Fia.  41.— 
Prickles  on  the 
stem  of  the 
Rose(nat.sise). 


Fio.  48.— Leaf  of  Dro««ra  roiundi/olia.  A  Expanded  ;  d  the 
glandular  tentacles  ef  the  edge  of  the  loaf ;  m  the  short  tentacles 
in  the  middle.  B  The  marginal  tentacles  have  bent  towards 
ths  middle  at  the  touch  of  an  insect,  jr. 


Fio.  43.— Teutacle 
of  DroMra  vtundifolia, 
(After  Strasbnrgev;  x 

eo.) 
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them.  Those  of  Rhinanthas,  Thesium  and  Oi-obanche,  are  de- 
Teloped  exogenoaslj;  those  of  Cascata,  endogenonslj.  They 
contain  yascular  tissue. 

B.    ilEPRODUCTIVE  ORGANS. 

§  15.  Reproduction.  Beprodaction  consists  essentially  in 
the  development  of  one  or  more  new  organisms  from  the  whole  or 
from  a  part  of  the  protoplasm  of  a  parent  organism. 

This  raaj  be  effected  either  by  the  separation  of  a  member  or 
a  portion  of  the  body,  whiqh,  by  developing  the  missing  members, 
constitntes  a  new  individual ;  or  by  the  production  of  special  re- 
prodactive  cells  termed  spores.  Two  modes  of  reprod action  are 
therefore  distinguishable :  vegetative  multiplication,  and  spore- 
reproduction. 

1.  Vegetative  Multiplication  is  essentially  connected  with  the 
process  of  growth. 

The  simplest  modes  of  this  occur  in  unicellular  plants.  In 
Plenrococcus,  for  instance,  the  cell  divides  into  two,  each  of  which 
constitutes  a  new  organism.  In  this  case  the  parent  ceases  to 
exist  as  an  individual.  In  Yeast,  the  cell  produces  out-growths 
each  of  which  becomes  an  independent  unicellular  organism.  In 
this  case  the  number  of  the  progeny  is  not  limited,  and  the  parent 
organism  persists.     This  is  termed  multiplication  by  gemmation. 

In  more  complex  plants  vegetative  reproduction  is  commonly 
effected  in  this  way,  that  the  main  axis  of  the  shoot  or  of  the 
thallns,  dies  away :  the  branches  thus  become  isolated  and  consti- 
tote  independent  organisms.  This  occars  very  commonly  in  the 
pratonema  of  Mosses,  in  the  rhizomes  of  many  Phanerogams, 
etc  In  those  cases  in  which  the  leaves  produce  adventitious  buds 
(«.y.  Bryophyllum  calycinumy  many  Ferns),  the  adventitious  buds 
derelope  into  independent  plants  after  the  leaf  has  fallen  from  the 
plant  bearing  it. 

In  many  plants  special  organs  for  vegetative  multiplication  are 
produced,  which  may  be  generally  termed  gemmm.  In  a  few 
cases  the  gemms  are  unicellular ;  as  those  of  Vaucheria  tvberosa 
(cGenocjte),  and  of  Monospora  among  the  Algae,  which  are  the 
terminal  cells  of  branches;  those  of  some  Fungi  (Mucorino), 
Tremellineflo,  some  Ascomycetes)  where  they  are  segments  of 
mycelial  branches ;  and  those  which  are  produced  on  the  margins 
of  the  leaves  of  Jungermannia  ventricosaf  Scapania  nemorosa,  and 
other  Hepatice. 
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It  8  not  possible  to  disoriminate  absolately  between  a  nnioellolar  gemma  and 
a  spore.  There  is,  in  fact,  a  gradnal  transition  between  this  form  of  yegetative 
multiplication  and  the  simpler  forms  of  spore-reproduction. 

In  other  plants,  multicellalar  gemmee  are  produced.  They  are 
two-celled  in  Aneura  muUijida  and  some  other  Hepaticaa ;  whilst 
in  yet  others  the  gemmes  are  mnlticellnlar  flattened  isobilateral 
plates  (Fig.  4)  ;  they  may  be  developed  in  special  receptacles 
{cupules)  on  the  upper  surface  of  the  thallus  (Lunularia,  Mar- 
chantia),  or  on  the  margin  of  the  leaves.  In  some  Mosses  flattened 
gemmo)  are  produced  in  receptat^les  formed  of  leaves  at  the  apex  of 
the  shoot,  as  in  Tetraphis  pellucida^  and  Aulacomnion  androgynum : 
and  rounded  tuberous  gemmea  are  frequently  formed  on  tho 
protonema.  The  prothallia  of  some  Ferns  (Trichomanes)  are 
reproduced  by  few-celled  filamentous  gemmae ;  and  that  of  Lyco- 
podium  Phlegm  aria  by  ovoid  tuberous  gemmes. 

Among  the  Algs,  Sphacelaria  tribuloideSf  Melohesia  callilham' 
nioides  (Floridese),  and  Chara,  produce  multicellular  gemmae.  In 
Sphacelaria  and  Melobesia,  they  are  branches  of  the  thallus :  in 
Chara  they  may  be  peculiar  branches  of  the  shoot  (embryonic 
branches)  or  isolated  subterranean  nodes  (itarch^stara). 

In  some  Fungi  (Ascomycetes  and  Basidiomycetes)  compact 
masses  of  tissue,  which  may  be  regarded  as  organs  for  vegetative 
reproduction  and  are  termed  sclerotia,  are  formed  on  the  mycelium. 
In  the  Lichens,  rudimentary  branches  of  the  thallus,  termed 
soredia,  are  produced  and  set  free. 

In  the  Vascular  Cryptogams  and  Phanerogams,  vegetative  re- 
production of  the  sporophyte  is  generally  effected  by  buds,  the 
leaves  or  stem  of  which  have  become  swollen,  serving  as  deposi* 
tories  for  nutrient  substances.  These  buds  may  be  subterranean, 
and  then  they  are  of  considerable  size,  when  they  are  termed  bulbs 
or  corms  according  to  their  structure  (see  p.  40)  :  or  the  buds  may 
be  borne  on  a  swollen  subterranean  stem  (e.^.  potato-tuber)  ;  or 
be  associated  with  tuberous  roots  (e.g.  many  terrestrial  Orchids). 
Sometimes  they  are  aerial,  being  borne  on  the  stem ;  on  account 
of  their  small  size  they  are  termed  bulbils  (e.g.  Lilium  bulb'ferum^ 
Dentaria,  Nephrolepis  tuberosa,  etc.).  In  Psilotum,  however,  vege- 
tative propagation  is  effected  by  small  flattened  gemma9,  oval  in 
shape,  and  consisting  oE  a  few  large  cells  forming  a  single  layer. 

2.  Spore- Reproduction,  The  term  spore  is  applied  to  a  specialised 
asexual  reproductive  cell  wliich  is  capable,  by  itself,  of  giving  rise 
to  a  new  oi^anism. 
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There  are  two  principal  modes  of  origin  of  spores,  and  all  plants 
prodace  spores  in  one  or  other  of  these  modes.  In  the  one,  the 
spores  are  formed  from  the  protoplasm  of  any  part,  or  of  some 
special  part,  of  an  organism ;  in  the  other,  they  are  formed  by  the 
fasion  of  two  masses  of  protoplasm  derived  either  from  two  dis- 
tinct organisms,  or  from  distinct  parts  of  the  same  organism.  In 
the  former  case  they  are  said  to  be  formed  asexually;  in  the  latter, 
they  are  formed  sexually y  the  fasion  of  the  two  masses  of  proto- 
plasm being  a  sexual  process  (p.  3)  ;  the  organs  concerned  are 
distingaished  respectively  as  asexual  and  sexual,  and  are  in.  all 
cases  oon6ned  to  the  shoot. 

In  the  Bryophyta  and  all  the  higher  plants,  the  asexual  formation 
of  spores  is  absolutely  restricted  to  the  sporophyte ;  and  the 
sexoal  formation  of  spores  is  absolutely  restricted  to  the  gameto- 
phyte.  But  in  lower  plants  (Algs,  Fungi),  the  sexuality  of  the 
gametophyte  is  frequently  so  far  incomplete  that  it  still  retains 
the  power  of  producing  spores  (distinguished  as  gonidia)  in  a 
porely  asexual  manner  (see  p.  3). 

The  spore  (or  gonidium)  is  generally  a  single  cell,  consisting  of 
a  nucleated  mass  of  protoplasm  containing  various  nutritive  sub- 
stances (oil,  starch,  etc.) :  but  in  some  cases  (e,g,  zoogonidium  of 
Vaacheria)  where  it  is  multinucleate,  it  is  a  ccenocyte  (see  Part 
II.,  Introduction). 

The  spore  frequently  has  a  cell-wall,  which  is  commonly  thick, 
and  in  some  cases  consists  of  two  layers,  an  outer,  the  exine  (or 
eiospore),  which  is  cuticularised,  and  an  inner,  the  tntine  (pr^en- 
dotpore)^  which  is  delicate  and  consists  of  cellulose. 

In  some  cases  the  spore  has  no  cell- wall.  It  may  then  be 
capable  or  incapable  of  spontaneous  movement.  When  motile,  it 
either  swims  by  means  of  one,  two,  four,  or  many  cilia,  or  it 
creeps  in  an  amoeboid  manner  by  means  of  pseudopodia.  Motile 
spores  are  termed  zoospores  (or  eoogonidia).  Ciliated  zoospores 
are  common  among  the  Algse  (^e.g.  Haomatococcus,  Vaucheria, 
Ulothrix,  Botrydium,  Ectocarpus),  and  they  occur  in  some  Fungi 
(Saprolegniese,  Peronosporeae).  Amoeboid  zoospores  occur  in  the 
Mjxomjcetes  among  the  Fungi ;  in  Chromophyton,  and  in  the 
Floridean  genera  Helminthora,  Bangia,  and  Porphyra  (carpo- 
Rpores),  among  the  Algea.  Non-motilo  naked  spores  occur  only 
in  the  Floride® ;  both  the  asexual ly-produced  (tetragonidia)  and 
the  sexually-produced  (carpospores)  spores  belong  to  this  cate- 
goiy,  with  the  exceptions  mentioned  above. 
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It  may  be  remarked  that  in  some  Fungi  and  Lichens  the  spores  are  ap- 
parently mnltieellalar.  This  is»  however,  not  actually  the  case.  The  apparently 
maUicellular  spores  are  really  aggregates  of  unioellalar  spores. 

The  spores  prodaced  asexnally  bj  the  sporophyte  of  any  one 
plant  are  commonly  of  one  kind  only;  when  this  is  the  case  the 
plant  is  said  to  be  homosporous.  Bat  in  some  of  the  Pteridophyta^ 
and  in  all  Phanerogams,  which  are  therefore  said  to  be  hetero- 
hporoua,  there  are  two  kinds  of  asexnally  prodaced  spores,  which 
differ  in  size  and  in  the  nature  of  the  organisms  to  which  they 
respectively  give  rise,  and  are  distinguished  as  microspores  and 
macrospores.  In  the  Phanerogams,  the  microspores  are  commonly 
termed  pollen-grains ;  and  the  macrospores,  embryO'Sacs. 

§  16.  General  Morphology  of  the  Asexual  Reproductive 
Organs.  In  the  great  majority  of  plants  the  asexual  prodnction 
of  spores  takes  place  in  the  interior  of  an  organ  termed  a  sporan- 
gium (gonidangium  in  the  gametophyte) :  but  in  some  cases  (e^g. 
most  Fungi)  they  are  formed  by  abstriction  (see  Cell-formation  in 
Part  II.)  from  branches  of  the  shoot. 

Whilst  in  some  plants  the  asexual  prodnction  of  spores  is  not 
limited  to  any  particular  portion  of  the  body,  in  others  it  is  so 
limited.  When  this  is  the  case,  the  portion  of  the  body  which 
performs  this  function  differs  more  or  less  widely  in  form  from 
the  vegetative  portions,  and  it  is  distinguished  as  the  sporophore. 
When  the  body  is  difEerentiated  into  root  and  shoot,  the  sporo- 
phore is  always  part  of  the  shoot. 

In  those  plants  in  which  the  shoot  is  differentiated  into  stem 
and  leaf,  the  development  of  spores  is  commonly  confined  to  the 
leaves.  A  leaf  bearing  one  or  more  sporangia  is  termed  a  sparo- 
phylL 

(a)  The  Sporangium  (incl.  Oonidaiigium),  In  unicellular  plants 
(e.g.  Yeast,  H»matococcas)  the  cell,  that  is  the  whole  body  of  the 
organism,  becomes  one  sporangium.  In  this  case  the  development 
of  spores  closes  the  life  of  the  organism,  for  the  protoplasm  is 
used  in  the  formation  of  the  spores,  and  the  cell- wall  is  ruptured 
to  allow  of  their  escape. 

In  simple  multicellular  plants  (e.g.  Ulva,  Ulothrix)  each  cell 
eventually  acts  as  a  sporangium,  giving  rise  to  spores.  With  the 
formation  of  spores  the  life  of  each  cell  is  closed ;  so  that  when  all 
the  cells  have  formed  spores  the  life  of  the  organism  is  ended. 

In  plants  of  higher  organization  the  formation  of  spores  is 
limited  to  certain  cells,  so  that  the  formation  of  spores  no  longer 
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necessaiiljr  pnts  a  terin  to  the  life  of  the  organism.     It  is  in  these 
plants  that  distinct  sporangia  are  to  be  fonnd. 

In  the  A1g(B  and  Fangi,  ^ibm  sporangium,  when  present,  con- 
sists of  a  single  cell  (or  a  coenociytc).  It  may  he  comparatively 
nndiilerentiated,  as  in  Bangiaceea  and  o^her  Florideee,  where  it  is 
fiimplj  a  cell  of  the  thai  1  us  the  cont«at«  of  which  form  one  or 
more  spores ;  or  it  may  be  a  distinctly  differentiated  organ  as 
iti  the  Gutleriaceaa,  Sphacelariesd,  Ectocarpeee,  Laminarieea,  and 
some  FIoHdea?,  among  the  Alg»;  and  in  the  Phycomycetes  and 
Ascomycetes  among  the  Fungi. 

In  all  plants  higher  than  the  Algte  and  the  Fangt,  the  sporan 
ginm  is  multicellular.    It  is,  however,  uniheular,  that  is,  it  contains 
hot  one  cavity  in  which  spores  are  developed,  though  this  is  some- 
times chambered  by  incomplete  walls  (traheculoB)  as  in  Isoetes. 

In  the  Bryophyta,  where  the  sporophyte  apparently  produces 
only  a  single  sporangium,  termed  the  capsule  or  theca,  this  organ 
constitutes  the  whole  (Riccia)  or  a  considerable  portion  of  the 
sporophyte.  Its  structure  is  simple  in  Riccia  and  other  Hepaticea, 
bnt  it  becomes  highly  elaborate  in  the  true  Mosses  (e,g,  Polytri- 
chorn).  It  must,  however,  be  boiiie  in  mind  that  the  theca  of  the 
Btyophyta  is  not  completely  homologous  with  a  single  sporangium 
of  a  Fern  or  a  Phanerogam,  but  with  at  least  a  cluster  (sorus)  of 
saeh  sporangia :  hence  the  exceptional  complexity  of  its  structure. 

In  the  Pteridophyta  and  the  Phanerogams  the  sporophyte  pro- 
daoes  a  number  of  sporangia.  In  the  heterosporous  forms  there 
sre  two  kinds  of  sporangia  which  respectively  produce  the  two 
kinds  of  spores :  those  which  produce  macix>spoi*es  are  termed 
maerotporangia ;  those  which  produce  microspores,  microsporangia. 
In  the  Phanerogams  the  macrosporangium  is  commonly  termed 
fftule,  and  the  microsporangium  poUen-sac. 

When  the  shoot  of  the  sporophyte  is  differentiated  into  stem 
snd  leaf,  the  sporangia  are  generally  borne  on  the  leaves  (sporo- 
pbjUs) :  but  in  some  plants  they  are  borne  on  the  stem.  This 
is  the  case  in  most  Selaginellas,  among  the  Pteridophyta :  the 
macrosporangia  (ovules)  are  borne  on  the  stem  in  various  Phane- 
rogams ;  among  Gymosperms,  in  the  TaxesB,  and  Gnetacesd ;  among 
Angiosperms,  in  the  Polygonacese,  Chenopodiacesa,  Amaranthaceas, 
PrimulacesB,  CompositsB,  Graminess,  Naiadacese,  Pipcracess,  and 
others,  the  macrosporangia  being  either  terminal  or  lateral :  the 
microsporangia  are  less  commonly  borne  on  the  stem,  but  this  is 
the  case  in  some  Angiosperms,  such  as  Naias  and  Casuarina. 
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The  sporangia  may  be  borne  singly,  or,  as  is  more  commonly  the 
case,  in  gronps,  each  snch  gronp  being  termed  a  M>r?M.  The  spor* 
angia  of  a  sorns  are  generally  qnite  distinct  from  each  other ;  bat 
in  some  cases  (e.g,  most  MarattiacesB,  Psilotnm,  Tmesipteris)  the 
sporangia  are  coherent,  forming  what  appears  to  be  a  mnltilocnlar 
sporangium  bnt  is  really  a  synangium. 

In  those  hetorosporons  plants  in  which  the  sporangia  are  in 
sori,  the  two  kinds  of  sporangia  are  borne  in  distinct  son ;  the 
only  exception  to  this  rale  is  afforded  by  the  Marslleaceee,  where 
each  soras  inclndes  both  microsporangia  and  macrosporangia. 

The  sporangiam  is  sometimes  more  or  less  completely  covered 
by  a  membranous  investment  to  which  the  general  term  indusiwn 
may  be  applied.  In  most  Ferns  (e.g.  Hymenophyllacese,  Aspidiee, 
Aspleniesd,  etc.)  and  in  Salvinia,  the  indasium  covers  a  whole 
sorus ;  this  is  true  also  of  the  sori  of  microsporangia  of  Azolla, 
and  in  some  CapressinesB  (Cupressus,  Thuja,  species  of  Juniperas) 
the  sorus  of  microsporangia  is  covered  by  an  outgrowth  which  is 
doubtless  an  indasium.  On  the  other  hand,  when  the  sporangia 
are  borne  singly,  each  individual  sporangium  may  have  its  inda- 
sium :  this  is  the  case  with  the  macrosporangium  of  Azolla ;  the 
sporangia  (of  both  kinds)  of  Isoetes,  where  the  indusium  is  speci- 
ally termed  a  velum ;  the  macrosporangia  (ovules)  of  Phanerogams, 
each  of  which  is  invested  by  one  or  two  integumenU^  which  are, 
however,  merely  indnsia. 

The  mature  sporangium  of  these  higher  plants  is  either  borne 
upon  a  stalk  (sometimes  termed  fanicle)  ;  or  it  is  sessile,  and  then 
it  is  commonly  more  or  less  imbedded  in  the  tissue  of  the  parent 
member,  as  in  the  case  of  the  sporangia  of  the  OphioglossacesB,  Srud 
of  the  pollen-sacs  of  most  Phanerogams.  This  latter  arrangement 
is  due  to  the  fact  that  the  growth  of  the  adjacent  vegetative 
tissue  keeps  pace  with  that  of  the  developing  sporangium,  so  that 
the  sporangium  does  not  stand  out  on  the  surface. 

The  development  of  the  sporangium  begin s^  in  all  cases,  at  the 
surface  of  the  parent  member.  The  area  which  bears  the  spor- 
angium, especially  when  a  number  of  sporangia  are  developed 
close  together,  generally  projects  more  or  less  as  a  cushion  of 
tissue  to  which  the  term  phieenta  is  applied.  In  the  Ferns  (except 
Marattiace8e,Ophioglossace8B,  and  Isoetacese)  and  in  the  Hydropteri- 
deee  (Rhizocarps),  the  sporangium  is  developed  from  a  single  super- 
ficial cell :  in  the  rest  of  the  Pteridophyta  and  in  the  Phanerogams 
it  is  developed  from  a  group  of  superficial  cells,  and  in  some  cases 
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from  cells  of  deeper  layers  as  well.  These  Ferns  and  the  Hjdro- 
pteridee  are  hence  distinguished  as  leptosporangiate  from  the  rest 
of  the  YaAonlar  Plants  which  are  said  to  he  eusporangiate. 

The  most  important  morphological  featnre  in  the  development 
of  the  malticellalar  sporangium  is  the  differentiation  of  the  sporo- 
{2;enoQS  tissue,  that  is,  of  the  mother- cells  of  the  spores.  These  are 
derived  from  a  hypodermal  cell  or  group  of  cells,  termed  the 
archesporium,  which  may  he  distinguished  at  an  early  stage  in 
the  development  of  the  sporangium,  by  the  highly  granular  pro- 
toplasm and  the  large  nucleus.  The  mother-cells  of  the  spores 
are  nsnally  formed  by  the  division  of  the  archesporial  cell  or  cells, 
bat  occasionally  the  archesporial  cells  themselves  become  spore- 
mother-cells.  The  sporogenous  cells,  as  they  develope,  become 
more  or  less  completely  invested  by  a  layer  of  highly  granular 
cells,  forming  a  membrane  termed  the  tapetum,  which  temporarily 
separates  them  from  the  wall  of  the  sporangium;  the  tapetum 
may  be  derived  wholly  or  in  part  from  the  archesporium  or  from 
the  wall  of  the  sporangium. 

The  structure  and  form  of  the  archesporium  yaries  widely  in 
the  different  groups  of  plants.  It  may  be  a  solid  mass  of  cells,  as 
in  all  HepaticflB  except  Anthoceros ;  or  a  layer  of  cells,  as  in 
Anthoceros,  Mosses  (except  Archidium),  Isoetes,  pollen-sacs  of 
some  Phanerogams ;  or  a  row  of  cells,  as  in  LycopodinsB,  pollen-sacs 
of  some  Phanerogams ;  or  a  single  cell,  as  in  the  Leptosporangiate 
FilicinflB,  in  Equisetum,  and  in^the  macrosporangia  (ovules)  of 
moat  Phanerogams. 

The  constitution  of  the  archesporium  in  the  Ensporangiate 
Pteridophyta  and  in  the  Phanerogams,  depends  upon  the  form  of 
the  sporangium.  The  young  sporangium  in  all  these  plants  con- 
sists of  one  or  more  longitudinal  rows  of  cells,  covered  by  an 
epidennis;  when  there  are  several  rows  of  cells,  the  lateral  rows 
radiate  outwards  in  the  apical  portion  of  the  sporangium.  When 
the  sporangium  is  circular  in  transverse  section,  and  is  narrow,  it 
is  only  the  tern^nal  cell  of  the  central  axial  row  which  constitutes 
the  archesporium;  when  the  sporangium  is  elongated  transversely, 
the  terminal  cells  of  several  of  the  rows  lying  in  the  plane  of 
elongation,  become  archesporial  cells,  so  that  the  archesporium 
consists  of  a  row  of  cells ;  when  the  sporangium  is  broad,  the 
terminal  cells  of  several  of  the  adjacent  central  rows  become 
archesporial  cells,  so  that  the  archesporium  consists  of  a  layer  of 
cells. 
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The  archesporinm  gives  rise  in  some  cases  simply  and  only  to 
the  mother-cells  of  the  spores,  as  in  Riccia  among  the  Liverworts, 
and  in  the  Mosses ;  bnt  more  commonly  it  gives  rise  also  to  cells 
which  are  not  sporogenoas.  Thns,  in  all  HepaticsB,  except  Riccia, 
the  archesporium  gives  rise  to  sterile  cells,  which,  in  most 
HepaticsB,  become  the  elaters ;  and  generally  in  the  Pteridopbyta 
and  Phanerogams,  some  at  least  of  the  tapetal  cells  are  derived 
from  the  archesporium ;  in  Isoetes,  the  tissue  of  the  trabeculse  is 
derived  from  the  archesporium. 

The  sporogenous  cells  usually  divide  so  as  to  give  rise  each  to 
four  spore-rudiments,  though  there  are  exceptions  to  this  rule. 
Thus,  only  one  of  the  mother-cells  in  the  macrosporangium  of 
Selaginella  divides  into  four,  the  others  being  abortive ;  and  in 
that  of  Phanerogams  the  mother-cell,  or  cells  where  there  is  more 
than  one,  does  not  divide,  but  developes  directly  into  a  single 
macrospore  (embryo-sac).  In  all  homosporous  plants,  the  four 
spore-rudiments  formed  by  each  mother-cell  all  come  to  matuiity ; 
and  this  is  the  case  also  as  regards  the  microsporangia  of  heteros- 
porous  plants.  In  the  macrosporangia  of  the  heterosporons 
Pteridopbyta,  the  spore-rudiments  all  reach  maturity  in  Sela- 
ginella and  Isoetes,  so  that  the  mature  macrosporangium  of 
Selaginella  contains  four,  and  that  of  Isoetes  many,  macrospores : 
but  in  the  HydropterideflB  (Salvinia,  Pilularia,  etc.),  where  each 
macrosporangium  contains  sixteen  mother-cells,  so  that  sixty -four 
spore-rudiments  are  formed,  only  one  of  these  sixty-four  comes  to 
maturity,  so  that  each  macrosporangium  produces  only  a  single 
macrospore. 

In  most  cases  the  asexually-produced  spores  are  set  free  from 
the  organism  producing  them.  An  exception  to  this  is  offered  by 
the  macrospore  (embryo-sac)  of  Phanerogams,  in  which  plants 
the  macrospore  remains  permanently  enclosed  in  the  macrospor- 
angium (ovule),  and  the  macrosporangium  remains  attached  for 
a  considerable  time  to  the  plant  bearing  it.  It  is  on  account  of 
this  peculiarity  that  seeds  are  produced  in  Phanerogams.  The 
production  of  seeds  is  the  characteristic  difference  between 
Phanerogams  and  Cryptogams. 

When  spoils  are  formed  by  abstriction,  they  are  set  free  almost 
as  soon  as  they  are  formed.  When  they  are  produced  in  sporangia 
they  are  usually  set  free  by  the  rupture  or  dehiscence  of  the 
spoi'angium.  In  some  cases  the  wall  of  the  sporangium  simply 
degenerates ;  in  other  cases  there  is  a  special   mechanism,  some- 
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times  yerj  elaborate,  for  its  dehiscence.  In  a  few  cases  the  whole 
sporanginm  falls  off  from  the  parent  plant,  e.g.  the  microsporangia 
and  macrosporangia  of  Salviniaces? ;  here  the  spores  never  become 
free  from  the  wall  of  the  sporangium,  bat  germinate  inside  it. 

{h)  The .  Sporophore^  Beginning  with  the  lower  plants,  a  well- 
marked  asezaal  spore-prodacing  organ  is,  in  mauj  cases,  a  striking 
featore  of  the  incompletely  seznal  gametoph jte ;  this  organ,  on 
account  of  its  being  borne  by  the  gametophyte,  is  distinguished  as 
a  gontdiophore,  and  its  spores  as  gonidia  (see  p.  3).  It  is  to  be 
found  iu  many  Fungi,  where  it  represents,  in  fact,  the  shoot  of  the 
body,  and  is  a  specialised,  erect-growing  branch  of  the  mycelium. 
It  may  be  simple  (e.g.  Mucor,  Peronospora,  Eurotium)  or  compound 
(Agaricns)  ;  in  some  cases  it  bears  sporangia,  or  rather  gonidangia, 
ia  which  gonidia  are  formed  (Mucor,  Peronospora) ;  whilst  in 
others  (Eurotium,  Agaricns)  it  bears  short  filaments,  termed 
^erignuUa,  from  which  the  gonidia  are  formed  by  abstriction.  In 
some  Ascomycetous  Fungi  the  simple  gonidiophores  which  form 
gonidia  by  abstriction,  are  collected  into  groups  («an),  each  of 
which  is  enclosed  in  a  receptacle,  the  whole  constituting  tLpycni- 
Hum.  Among  the  Alg89,  the  gonidiophore  is  represented  in 
certain  Bhodophyce»  (e.g,  Dasya,  species  of  Polysiphonia)  by 
specialised  branches  of  the  shoot,  termed  stichidia^  which  bear 
gooidangia  (tetragonidangia). 

Taming  to  the  sporophy te,  the  sporophore  in  these  lower  plants 
is  not  highly  developed.  In  some  few  Fungi  (e.g.  Mucor)  it  is 
essentially  similar  to  the  gonidiophore  ;  in  other  Fungi  (e.g,  Asco- 
mycetes)  and  in  certain  Alg»  (Rhodophycese)  the  whole  sporo- 
phyte  is  simply  a  sporophore  in  the  form  of  a  receptacle  contain- 
ing sporangia ;  it  is  termed  in  the  one  case  an  ascocarp,  and  in  the 
other  a  cystoearp. 

The  sporophyte  of  the  Bryophyta  affords  a  good  example  of  a 
highly  specialised  sporophore  in  an  organism  the  shoot  of  which 
is  not  differentiated  into  stem  and  leaf.  The  entire  shoot  of  the 
sporophyte  constitutes  the  sporophore,  which  consists  (except  in 
Riccia)  of  a  longer  or  shorter  stalk  (seta),  bearing  a  terminal 
capsule  (theca)  of  more  or  less  complex  structure  (see  p.  71). 

In  the  majority  of  the  higher  plants,  in  which  the  shoot  of  the 
sporophyte  is  differentiated  into  stem  and  leaf,  there  are  well- 
marked  sporophores  (see  Fig.  36).  The  sporophore  may  be  the 
terminal  portion  of  the  primary  shoot  or  of  a  branch  ;  or  it  may 
bean  entire  branch.     It  is  commonly  known,  among  Phanerogams, 
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as  the  injloregcence,  but  there  is  bo  reason  for  confining  the  nse  of 
this  term  to  this  group  of  plants.  The  sporophore  or  inflorescence 
is  characterised  by  its  limited  growth  in  length,  and  can  nsaallj 
be  distinguished  from  a  vegetative  shoot  by  peculiarities  of  form. 
and,  when  they  are  present,  by  the  nature  of  its  leaves. 

The  distinction  of  an  inflorescence  from  a  vegetatire  shoot  is  easy  when  the 
former  is  an  entire  branch  borne  laterally  on  the  latter ;  but  when  a  monopo- 
dia! vegetative  shoot  terminates  in  an  inflorescence,  the  transition  from  the 
one  region  to  the  other  is  so  gradual,  that  it  is  difficult  to  determine  where  the 
one  begins  and  the  other  ends. 

The  sporophore  may  be  simple,  or  it  may  be  branched,  and  it  then 
afEords  some  of  the  most  striking  examples  of  the  various  branch- 
systems  (see  p.  32).  When  the  branch-system  is  such  that  there 
is  a  well-defined  main  axis,  this  is  termed  the  rhachis  of  the  inflo- 
rescence. The  rhachis  and  the  branches  of  the  inflorescence  are 
commonly  elongated  and  cylindrical,  or  flattened,  or  prismatic  in 
form  ;  but  they  are  in  many  cases  dilated  at  the  apex  into  a  flat- 
tened, depressed  or  conical  receptacle,  as  in  the  Compositse,  etc. 

The  sporophore  may  be  destitute  of  leaves  (e,g.  Salisburia  adtan- 
tifolia).  When  it  bears  leaves  they  usually  differ  more  or  less 
widely  in  form,  colour,  and  structure  from  the  foliage-leaves  of 
the  plant.  Of  these  leaves  there  are  two  kinds  :  those  which  bear 
sporangia,  hence  termed  spm-ophylls ;  those  which  do  not  bear  spo- 
rangia, termed  hypsophylls  (see  p.  59). 

When  no  sporophylls  are  present,  the  sporangia  are  borne 
directly  by  the  rhachis  or  the  branches  of  the  sporophore,  at  or 
near  the  apex,  in  a  cluster  if  there  are  several.  When  sporo- 
phylls are  present,  they  are  also  usually  collected  together  at  the 
apex  of  the  rhachis  or  of  a  branch,  in  consequence  of  the  short- 
ness of  the  terminal  internodes.  Any  axis  of  the  sporophore, 
bearing  one  or  more  sporangia  or  sporophylls,  is  termed  &  flower. 

When  hypsophylls  are  present,  some  of  them  are  commonly 
aggregated  round  the  sporangia  or  the  sporophylls,  as  in  most 
Angiosperms,  constituting  what  is  termed  the  perianth  of  the 
flower. 

When  the  rhachis  is  unbranched,  it  bears  a  single  terminal 
flower  (e,g.  Eqaisetum,  Violet) ;  when  it  branches,  each  axis,  of 
whatever  order,  terminates  in  a  flower.  It  is  on  this  account  that 
the  growth  of  the  axes  of  inflorescences  is  limited.  It  occasion- 
ally happens,  as  a  monstrosity,  that  the  axis  grows  throng^^ihe 
flower  and  produces  foliage -leaves ;  this  is  termed  proliferation. 
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WImq  the  rhachia  bean  a  single  terminal  flower  it  ia  commonly  termed  the 
feduMcU  of  the  flower ;  when  the  rhaohis  is  branched,  the  branches  may  be  so 
short  that  tbeir  flowers  appear  to  spring  directly  from  the  rhachis,  and  the 
flowers  are  said  to  be  usHU ;  when  the  branches  are  longer  and  bear  terminal 
flovers,  they  are  termed  pedieeU,  and  the  flowers  are  said  to  be  pediciUaU. 
For  farther  details  as  to  inflorescences,  see  Part  III. 

When  no  sporoph jUs  are  present^  the  form  of  the  flower  is  ex- 
tremelj  simple.  When  sporoph jUs  are  present,  the  form  of  the 
flower  Taries  with  the  degree  of  elongation  attained  by  the  termi- 
sal  interoodes  of  the  axis.  When  they  elongate  to  some  extent, 
the  flower  forms  a  cone,  as  in  Equisetoni,  Ljcopodiam,  Selaginella, 
Finns.  When  thej  remain  short,  as  generally  in  Angiosperms, 
the  apex  is  more  or  less  broadened,  forming  a  flattened,  depressed, 
or  shortljr  conical  torris  on  which  the  8poix)ph jlls  and  the  perianth. 
lesTes  are  borne.  The  varions  forms  of  flowers  are  descnbed  in 
detail  in  Part  III. 

In  heterosporous  plants  it  is  commonly  the  case  that  the  two 
kinds  of  sporangia  are  borne  together  on  the  same  axis  of  the 
Bporophore;  that  is,  they  are  included  in  the  same  flower  (e.g.  Sela- 
ginella, most  Angiosperms),  which  is  then  said  to  be  ambiiporangu 
af«;  bot  they  are  frequently  confined  to  distinct  axes,  as  in  the 
Gjmnosperms,  and  in  some  Angiosperms  (e.g.  Beech,  Birch,  Oak, 
W^alnat,  etc.)  ;  these  distinct  flowei*8  are  said  to  be  monosporangtate^ 
tod  are  distingnished,  according  to  the  kind  of  sporangia  which 
tbej  respectively  bear,  as  microsporanguUe  or  macrotparangiate ;  in 
lome  cases  one  individnal  bears  exclusively  microsporangiate,  and 
another  exclusively  macrosporangiate  flowers,  as  in  the  Hemp,  the 
Tew,  etc. 

(c)  The  Spcrophylh.  In  many  cases,  most  Ferns  and  Lycopo- 
dine,  for  example,  the  sporophylls  are  similar  to  the  foliage- 
JttTes,  differing  only  in  that  they  bear  sporangia ;  but  more  com- 
monly the  sporophylls  are  distinguished  by  some  peculiarity  in 
form  or  structure.  Thus  in  the  Flowering  Fern  (Osmunda  regalis) 
tbe  sporophylls  differ  from  the  IFoliage-leaves  in  that  no  green 
leaf-tissue  is  deyeloped  in  them.  In  Botrychinm,  Ophioglossum, 
and  the  HydropteridesB  (Rhizocarpee),  the  sporophyll  is  a  branch 
or  segment  of  a  foliage-leaf,  characterised  by  a  peculiar  form  and 
^  the  absence  of  green  leaf -tissue.  In  Marsilea  and  Pilularia  the 
sporophyll  forms  a  hollow  capsule,  enclosing  the  sporangia.  In 
Eqaisetam,  the  sporophyll  is  a  peltate  scale  bearing  the  sporangia 
OQ  its  inner  or  under  surface.     In  the  Gymnosperms  the  sporo- 
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phjils  are  generally  small  scaly  leaves ;  and  in  the  Angiosperms 
they  differ  widely  in  form  from  the  foliaoje- leaves.  In  some  of 
the  AlgSB  too,  as  in  Cladostephas  (Sphacelariee),  there  are 
definite  sporophylls. 

The  distribution  of  the  sporangia  among  the  sporophylls  in 
heterosporons  plants  is  an  important  point.  In  the  Hydropteridese 
(Rhizocarpce),  both  the  microsporangia  and  the  macrosporangia 
are  borne  by  the  same  sporophyll ;  but  in  all  other  heterosporons 
plants  they  are  borne  by  distinct  sporophylls,  which  may  be  dis- 
tingnished  respectively  as  microsporophylls  and  macrosporophylU. 
In  the  Phanerogams  the  microsporophyll  is  termed  a  stamen ;  the 
mcLcrosporophyll,  a  carpel;  bat  there  is  no  reason  for  confining 
these  t«rms  to  this  group  of  plants. 

The  term  itamen  is  not,  however,  always  strictly  confined  to  miorosporo- 
pbylls,  but  it  is  also  applied  to  portions  of  the  axis  bearing  miorosporangia. 
For  instance,  in  Callitriche,  Gasaarina,  Naias,  etc.  (see  p.  71),  the  micro- 
sporangia  (pollen-sacs)  are  borne  on  a  segment  of  the  sporophore,  which  is 
termed  a  stamen. 

In  heterosporoDS  plants,  both  kinds  of  sporophylls  are  gener- 
ally present  in  one  and  the  same  flower:  when,  however,  the 
flower  includes  only  microsporophylls,  it  is  termed  microsporophyL- 
lary  or  stamitMUe  ;  and  when  it  includes  only  macrosporophylls,  it 
is  termed  macrosporophyUary  or  carpeUary. 

In  some  cases  the  sporangia  are  borne,  not  upon,  bat  in  dose  relation  with,  a 
leaf,  which  is  nevprtheless  regarded  as  a  sporophyll.  Thus,  in  Selaginella,  the 
sporangiom  is  in  the  axil  of  the  sporophyll.  Again,  the  leaves  which  invest  the 
macrosporangia  (ovules)  of  Polygonacee,  PrimuUcea,  etc.,  are  termed  carpels, 
thoagh  they  do  not  actually  bear  the  sporaDgia. 

The  distribution  of  the  sporangia  on  the  sporophyll  is  varions. 
They  may  be  borne  exclusively  on  the  under  (dorsal)  surface,  as 
in  most  Ferns,  Equisetum  and  Gymnosperms  (pollen-sacs)  ;  or 
exclusively  on  the  upper  (ventral)  surface,  as  in  the  Lycopodinae, 
MarsileacesB,  macrosporangia  of  Goniferflo  and  of  some  Angiosperms 
(e.g.  Butomus) ;  or  on  both  surfaces,  as  in  Osmunda ;  or  on  the 
lateral  margins,  as  in  Ophioglossum  and  the  Hymenophyllaceoe,  and 
in  many  Angiosperms  (e.g.  LegnminossB,  Violaceee,  Liliaceoe)  ;  or  on 
the  apices  of  segments  of  the  sporophyll,  as  in  the  Salviniacese. 

The  number  of  the  sporangia  borne  by  a  sporophyll  also  varies 
widely.  In  some  cases  there  is  only  one,  as  in  Selaginella,  Lyco- 
podium,  Isoetes ;  or  two,  as  in  most  Goniferas ;  or  four,  as  in  most 
Angiosperms  (microsporangia)  ;  or  many,  as  in  the  Filicinas. 
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In  most  cases  the  sporangia  are  free  on  the  surface  of  the 
sporophyll ;  bat  in  some  cases  they  are  enclosed  in  a  cavity  formed 
either  by  the  infolding  and  jnnction  of  the  margins  of  the  spoi^o- 
phjll,  or  by  the  jnnction  of  the  margins  of  adjacent  sporophylls. 
The  flporangia  of  the  Marsileacese  are  thus  enclosed  by  the  sporo- 
pbjll,  as  are  also  the  macrosporangia  of  all  Angiosperms.  In  the 
latter  groap  the  resulting  structure  is  termed  the  ovary. 

(d)  The  Sypsophylls  (Fig.  36,  p,  57).  Under  this  common  term 
are  included  bracts  and  perianth-leaves. 

Bract,  This  term  is  generally  applicable  to  the  leaves,  other 
than  the  sporophylls  and  perianth-leaves,  which  are  home  by  the 
rhachis  or  branches  of  the  inflorescence:  those  which  are  borne 
on  the  pedicels  of  individual  flowers  are,  however,  distinguished  as 
bracteoles  or  prophylla. 

The  bract  is  frequently  not  distinguishable  from  a  foliage-leaf, 
bat  it  may  be  reduced  to  a  scaly  leaf,  or  it  may  be  very  large  and 
even  highly  coloured,  when  it  is  said  to  be  petaloid.  An  example 
of  the  occurrence  of  bracts  in  the  Pteridopbyta  is  afforded  by 
Eqnisetum,  where  there  is  a  whorl  of  small  bracts,  forming  what 
is  known  as  the  riiig,  just  below  the  cone  or  flower.  In  some 
Monocotyledons  {e.g.  Palms,  Arums,  etc.)  there  is  a  large  bract, 
termed  a  «pa^/i6,  which  invests  the  whole  inflorescence:  it  is  usually 
oot  green  in  colour,  as  in  the  Trumpet  Lily  (Zantedeschia  oethiopica) 
where  it  is  white.  In  some  cases  the  bracts  are  arranged  in  whorls 
roand  the  inflorescence  (e.g^  Compositae)  forming  an  involucre. 

The  bracteoles  sometimes  form  an  investment,  termed  an  epicalyx, 
to  the  flower  (e.g.  Malva,  Camellia,  etc.). 

The  Perianth-leaves  are  leaves  developed  in  immediate  relation 
▼ith  the  sporophylls,  or  with  the  sporangiferous  axis,  of  a  flower, 
to  which  they  form  a  protective  or  attractive  investment  termed 
^e  perianth.  A  perianth  is  present  only  in  Phanerogams,  and  is 
confined  almost  exclusively  to  the  Angiosperms :  the  Gnctaceae  are 
the  only  Gymnosperms  in  which  it  is  represented.  The  leaves  may 
he  uranged  in  a  single  whorl,  or  in  two  or  more ;  or  they  may  be 
all  aUke,  either  green  and  inconspicuous,  or  of  other  bright  colours 
And  oonspicuous ;  most  frequently  the  leaves  of  the  outer  whorl 
(f^paU  constituting  the  calyx)  are  small  and  green  in  colour,  being 
specially  protective  in  function,  whilst  those  of  the  inner  whorl 
(petali  constituting  the  corolla)  a,ve  large  and  brightly  coloured, 
Wng  especially  attractive  in  function.  (For  further  details,  see 
The  Flower,  p.  512). 
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§  17.  General  Morphology  of  the  Sexual  Reproductive 
Organs.  The  general  morphology  of  the  sexual  reproductive 
organs  agrees  in  many  respects  with  that  of  the  asexual  repro- 
ductive organs. 

In  the  great  majority  of  plants  the  sexual  reproductive  organs 
give  rise  to  sexual  reproductive  cells,  termed  ^ame^e*;  hence  the 
organs  may  be  generally  termed  gameta^igia.  In  some  cases  the 
formation  of  gametangia  is  limited  to  a  certain  portion  of  the 
body  of  the  gametophyte,  which  differs  more  or  less  from  the  vege- 
tative portions  of  the  shoot  and  may  be  distinguished  as  a  ganteto- 
phore.  When  a  part  of  the  body  is  differentiated  as  a  shoot,  the 
gametophore  is  part  (or  the  whole)  of  the  shoot.  Since,  in  most 
plants,  the  morphological  differentiation  of  the  gametophyte  is  not 
so  complete  as  that  of  the  sporophyte,  it  follows  that  the  game- 
tangia are  less  frequently  developed  on  leaves  than  are  the 
sporangia.  In  those  cases  in  which  the  gametangia  are  borne  by 
leaves,  the  leaves  may  be  termed  gametophylle, 

(a)  The  Gametes,  A  gamete  is  a  sexual  reproductive  cell — a 
reproductive  cell,  that  is,  which  is  incapable  by  itself  of  giving 
rise  to  a  new  organism ;  in  this  respect  it  differs  from  a  spore.  A 
spore  is,  however,  formed  from  the  fusion  of  two  gametes  of 
different  sexes  ;  that  is,  by  a  sexual  process  (see  p.  69). 

In  those  of  the  lower  Algas  and  Fungi  in  which  sexual  spore- 
foi*mation  takes  place,  the  gametes  produced  by  the  organism  are 
all  externally  similar ;  hence  these  plants  are  termed  isogamous; 
the  sexual  process,  which  consists  here  in  the  fusion  of  two  simi- 
lar gametes,  is  termed  cofijvgation;  and  the  spore  formed  by  con- 
jugation is  termed  a  zygospore. 

In  all  the  higher  plants,  hence  termed  heterogamous,  the  gametes 
are  not  all  alike;  but  there  are  two  kinds,  the  male  and  the  femcUe, 
The  male  and  female  fi^ametes  may  be  generally  distinguished  by 
their  difference  in  size,  the  male  being  the  smaller,  and  by  the 
greater  activity  of  the  male  gamete  in  connection  with  the  sexual 
process  which  is  here  termed  fertilisation^  the  male  gamete  being 
considered  to  fertilise  the  female  ;  product,  an  oospore. 

The  gradaal  transition  from  isogazny  to  heterog«my  can  be  most  dearly  traced 
in  the  Algoe  :  special  attention  is  directed  to  this  in  the  accoant  of  the  Alge  in 
Part  III.  (p.  226). 

The  gametes  of  isogamous  plants,  in  those  cases  in  which  they  are 
set  free  from  the  gametangium  and  are  free-swimming,  are  well 
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defined,  ciliated,  somewhat  pear-shaped  masses  of  protoplasm 
destitute  of  a  cell- wall  (e.g,  Botrydiam,  Ulothrix,  Ectocarpas,  etc.)» 
and  are  distinguished  as  planogametes.  When,  however,  they  are 
not  free-swimming  (as  in  the  Conjugate  Algae)  they  have  no  defined 
form  nor  are  they  ciliated. 

The  gametes  of  heterogamous  plants.  The  male  gamete,  when  the 
conditions  are  snch  that  it  mast  of  necessity  be  free-swimming,  is 
generally  a  well-defined  ciliated  mass  of  protoplasm,  termed  a 
fpermalozo'd;  spermatozoids  occur  in  the  heterogamous  Green  and 
Brown  Alg»  (e.g.  Yaucheria,  Vol  vox,  Sphaeroplea,  (Edogonium, 
Chara,  Facns),  in  the  Bryophyta,  and  in  the  Pteridophyta.  In  the 
lower  forms  the  spermatozoid  is  more  or  less  rounded  or  pear- 
shaped,  somewhat  resembling  a  planogamete  of  the  isogamous 
forms:  but  in  the  higher  it  is  club-shaped  or  filamentous,  thicker 
at  the  posterior  end,  pointed  at  the  anterior  end  where  the  two 
or  more  cilia  are  borne,  and  more  or  less  spirally  coiled. 

An  exception  to  this  form  of  free  male  gamete  is  afforded  by 
the  Bed  Algas,  where  the  gametes  are  small  rounded  or  oval  bodies 
destitute  of  cilia,  and  are  distinguished  as  spermatia  ;  when  first  set 
free  they  have  no  cell- wall,  but  they  develope  one  before  they  come 
into  contact  with  the  female  organ.  Very  similar  to  these  are  the 
spermatia  of  certain  Ascomycetous  Fungi,  which  have,  however,  a 
celUwall  from  the  very  first ;  but  there  is  some  doubt  as  to  the 
sexual  nature  of  these  cells. 

When,  owing  to  the  proximity  of  the  male  and  female  organs  at 
the  time  of  fertilisation,  the  male  gamete  has  no  considerable  dis- 
tance to  traverse  {e.g.  Peronosporacese,  Phanerogams),  it  is  not 
differentiated  as  a  spermatozoid,  but  it  is  simply  an  amorphous  cell 
without  a  cell- wall. 

The /ema/tf  gaihete,  or  ooffpAere,  is  not  ciliated,  nor  is  it,  as  a  rule, 
set  free,  but  remains  in  the  female  organ  until  after  fertilisation : 
bat  in  Fucus  and  its  allies,  the  oosphere  is  extruded  from  the  fe- 
male organ  before  fertilisation.  It  is,  generally  speaking,  spheri- 
cal in  form,  as  its  name  denotes. 

The  gametes  are  developed  from  one  or  more  mother-cells  in 
the  gametangium.  In  isogamous  plants,  as  a  rule,  each  mother- 
cell  gives  rise  to  more  than  one  gamete,  and  commonly  to  a  con- 
siderable number  (e.g.  Botrydium,  Ulothrix)  ;  but  in  Ectocarpus 
and  some  other  PhiBOSporeie,  each  mother-cell  produces  but  a 
single  gamete.  Whilst  in  the  higher  heterogamous  plants  the 
male  gametes  are  each  developed  singly  from  a  mother-cell,  in  the 

T.8.B.  o 
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lower  it  is  the  mle  tbat  the  male  ga.metes  are  produced  several 
together  from  one  mother-cell.  The  female  gametes  are  de- 
veloped singly  in  the  mother-cell,  except  in  the  SaprolegniaceiB 
among  Fangi,  and  in  some  genera  of  FacacesB  (Pelvetia,  Ozotbal- 
lia  or  Ascophyllam,  Fucus),  in  which  from  two  to  eight  (Facacese) 
or  up  to  twenty  (Saprolegniacefle)  oospheres  are  produced  from  one 
mofcher-cell. 

With  regard  to  the  development  of  the  gametes,  it  is  sometimes 
the  case  that  the  whole  of  the  protoplasm  of  the  mother-cell  is 
nsed  in  their  formation.  Thus,  the  gamete  of  Spirogyi-a  is  formed 
by  the  rejuvenescence  of  the  whole  protoplasm  of  a  cell  of  the 
filament ;  and  the  oospheres  of  Fucus  are  formed  by  the  division 
of  the  whole  of  the  protoplasm  of  the  mother-cell.  But  in  most 
cases  a  portion  of  the  protoplasm,  and  more  particularly  of  the 
nuclear  substance,  is  excluded  from  taking,  part  in  the  formation 
of  the  gametes :  a  portion  of  it  is  either  directly  cut  off  by 
division,  or  is  simply  not  used  in  the  development  of  the  gamete. 
Thufi,  in  the  Bryophjta,  Pteridophyta,  and  Gymnosperms,  the 
development  of  the  oosphere  begins  with  the  division  of  the 
nucleus  of  the  mother-cell  (central  cell)  into  two ;  this  is  followed 
by  the  division  of  the  mother-cell  into  two  unequal  parts,  no 
cell- wall  being  however  formed  ;  the  larger  portion  is  the  oosphere; 
the  smaller,  which  eventually  decomposes,  is  termed  the  ventral 
canal'CeU,  on  account  of  its  position  in  the  female  organ.  In  cer- 
tain AlgsB  the  development  of  the  oosphere  is  attended  by  {e.g. 
Vaucheria,  (Edogonium,  Coleochaste)  the  discharge  of  a  mass  of 
protoplasm  from  the  female  organ  prior  to  fertilisation,  which 
probably  corresponds  to  the  ventral  canal-cell  of  the  higher 
plants. 

With  regard  to  the  development  of  the  spermatozoid,  it  ap- 
pears, in  those  cases  in  which  it  has  been  most  fully  investigated 
(Bryophyta,  Pteridophyta),  that  only  a  portion  of  the  cytoplasm 
and  nuclear  substance  of  the  mother-cell  is  used  in  its  formation ; 
the  residue  is  usually  discharged  with  the  spermatozoid,  as  a  vesi- 
cle which  adheres  to  it,  until  thrown  off  by  its  active  movements. 
(For  details,  see  Part  II.,  Cell-Formationj  p.  116.) 

The  masses  of  protoplasm  which  are  derived  from  the  mother, 
cells,  but  are  excluded  in  any  of  the  above  ways  from  entering 
into  the  formation  of  the  gametes,  are  termed,  generally,  polar 
bodies.  Their  physiological  significance  is  considered  in  Part 
IV.  (p.  772). 
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(h)  The  Gametangia.  The  general  morphology  of  the  gametaugia 
is  very  mach  the  same  as  that  of  the  sporangia. 

With  regard  to  the  terminology  employed  in  designating  these 
oi^^s,  they  are  said  to  be  male  when  they  contain  protoplasm 
which  is  capable  of  effecting  fertilisation ;  and  female^  when  they 
contain  protoplasm  capable  of  being  fertilised.  When  there  is  no 
external  indication  of  the  physiological  nature  of  the  organ,  it 
is  simply  termed  a  gametangiam.  Bat  when  the  male  and  female 
organs  respectively  are  clearly  differentiated,  special  names  are 
j?iven  to  them  in  order  to  indicate  peculiarities  iu  their  struct  ore 
or  fanction,  or  the  group  of  plants  to  which  they  belong.  Jn 
tbe  first  place  a  distinction  must  be  drawn,  in  the  case  of  these 
differentiated  gametangia,  between  those  which  give  rise  to  clearly 
differentiated  gametes,  and  those  the  protoplasm  of  which  does  not 
undergo  such  differentiation.  To  the  former  category  belongs 
the  male  organ,  termed  antheridlum,  in  which  spermatozoids  are 
developed,  and  the  female  organs,  termed  oogonium  or  archegonium, 
in  which  one  or  more  oospheres  are  differentiated.  To  the  latter 
category  belong  the  male  organ  termed  pollinodlum  (e.g.  in 
Pei-unosporaceae  and  some  Ascoraycetes),  and  the  female  organs 
termed  jirocarp  (Floridese)  or  arMcarp  (Ascomycetous  Fungi). 

In  the  lowest  plants  in  which  the  sexual  formation  of  spores 
takes  place,  the  whole  cell,  when  the  organism  is  unicellular,  or 
an  J  cell,  when  the  organism  is  multicellular,  becomes  a  game- 
tangiam, without  being  specially  modified  for  the  purpose.  This 
is  the  case,  not  only  in  isogamous  plants  (e.g.  Paudorina,  Ulothriz, 
CouJQgatae),  but  in  some  heterogamous  plants  (e.g.  Sphseroplea) 
in  which  the  gametes  are  perfectly  differentiated  into  spermato- 
zoids and  oospheres. 

In  plants  of  higher  organisation  there  are  specialised  game- 
tangia. In  the  simpler  forms  of  these  the  male  and  female 
gametangia  are  externally  similar,  as  in.  the  Volvocacese,  Ecto- 
carpQs,  and  Gutleria,  among  the  Algte,  and  in  the  Zygomycetes 
and  some  Ascomycetes  (e.g.  Eremascus)  among  the  Fungi.  In  the 
norc  complex  forms,  the  male  and  female  gametangia  are  dis- 
«imilar. 

The  undifferentiated  gametangia  are  generally  unicellular  and 
nnilocalar;  but  they  are  multicellular  and  multilocnlar,  in  some 
PhaBosporesB  (e.g.  Ectocarpus,  Giraudia,  Scytoaiphon,  Gutleria). 

The  differentiated  gametangia  are  of  various  structure.  The 
»ntheridinm  is  unicellular  in  most   of  the  lower  plants   (Green 
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AlgflB,  except  CharacesB ;  FucaceaB),  as  also  genorally  in  Phanero- 
gams. In  all  the  other  cases  it  is  mnlticellalar,  and  of  simple 
strnctnre,  except  in  the  CharacesB,  where  the  stractnre  is  ex- 
tremely complex.  In  some  cases  (Rhizocarps)  the  antheridiam 
consists  almost  entirely  of  the  mother-cells  of  the  spermatozoids  ; 
in  most  cases  the  mother-cells  are  scrroncded  by  a  parietal  layer 
of  cells.     The  pollinodium  is  generally  unicellular. 

The  oogonium  is  either  nnicellnlar,  as  is  generally  the  case,  or 
it  is  a  coenocyte  (e.g.  Peronosporacefle,  Vancheria).  The  archegoninm 
is  generally  multicellular,  consisting  of  a  cellular  wall  investing 
the  oosphere,  usually  prolonged  into  a  tubular  neck ;  but  in  some 
of  the  higher  plants,  Welwitschia  among  the  Gymnosperms,  and 
all  Acgiosperms,  the  archegonium  is  reduced  to  a  single  cell,  the 
oosphere.  The  archicarps  and  procarps  are  unicellular  in  some 
cases,  multicellular  in  others;  in  most  cases  the  organ  is  pro- 
longed into  a  filament,  the  trtchogyne,  by  means  of  which  fertili- 
sation is  effected.  The  oogonia  (except  those  of  Peronosporaceap, 
Saprolegniace89,  and  CharacesB)  and  the  archegonia,  open,  so  that 
their  contents  are  in  direct  relation  with  the  surrounding  medium  ; 
in  the  procarps  and  archicarps  this  is  not  the  case. 

Further  details  are  given  in  Part  III.  in  connexion  with  the 
plants  to  which  the  various  organs  belong. 

(c)  The  Oametophore.  In  some  plants  in  which  the  gametophy  to 
is  well-developed,  the  sexual  organs  are  not  borno  indifferently  on 
any  part  of  the  body,  but  are  confined  to  particular  regions  or 
branches  of  the  thai  las  or  of  the  shoot,  which  may  bo  distinguished 
as  gametopkores;  as  in  some  Alg89  (e.g.  Himanthalta  lorea).  Liver- 
worts (e.^.  Marchantia),  Mosses  (e.g.  Sphagnum),  and  some  Ferns. 
In  Himanthalia  lorea  (Fig.  44)  the  vegetative  portion  of  the  body 
is  conical  in  form  and  is  attached  at  its  pointed  end,  and  from  the 
middle  of  the  cup-like  upper  surface  there  grows  a  long  branched 
gametophore.  In  Marchantia,  and  some  other  Liverworts,  some 
of  the  flattened  prostrate  branches  of  the  thallus  develope  termi- 
nally into  an  erect  cylindrical  gametophore,  bearing  male  or  female 
organs  (antheridia  or  archegonia)  on  a  receptacle  at  its  summit. 
In  Sphagnum,  also,  the  antheridia  and  archegonia  are  borne  re- 
spectively on  distincb  and  specialised  branches.  Such  nnisexnal 
gametophores  may  be  specially  designated  antheridiojihores  or 
arckegoniopkores.  In  some  Ferns  which  have  an  altogether  fila- 
mentous gametophy te  (e.g.  Trichomanes),  the  female  organs  (ar- 
chegonia) are  borne  on  short  multicellular  lateral  branches  form- 
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ing  cushion-like  gametophores,  or,  more  precisely,  archegonio- 
phores.  When,  as  in  most  Ferns,  the  adult  gametophjte  is  a  flat- 
tened dorsiventral  cellular  expansion,  the  archegonia  are  borne 
on  a  cellular  cushion  projecting  on  the  ventral  surface,  which 
coDstitutes  the  archegouiophore.  This  kind  of  archegoniophore 
reaches  its  highest  development  in  the  Fern  Gymnogramme  lepto- 
phylla,  where  the  cushion  grows  out  into  a  tuberous  subterra- 
nean archegoniophore. 

When  the  shoot  is  difPerentiated  into  stem  and  leaf,  the  sexual 
organs  are  in  some  cases  borne  on  more  or  less  specialised  leaves 
which  may  be  termed 
gametophf/lU,  as  in  some 
Algs,  such  as  the  Cha- 
races  (both  antheridia 
and  oogonia),  the  higher 
Sphacelariese  (gametan- 
pa  of  Cladostephus)  and 
the  Rhodomeleae  (e.g, 
antheridia  of  Polysipho- 
nia). 

The  sexual  organs  may 
either  be  scattered  over 
the  surface  of  the  mem- 
ber  bearing  them,  or  they 
may  be  developed  in 
l^ronps  {sort),  Occasion- 
allj  a  sorus  is  enclosed 
in  a  receptacle  ;  such  re- 
ceptacles are  the  concep- 
tacle  of  the  Fucacece  and 
of  the  Coi-allinesB  (Flori- 
<ie»)  ;  the  tpermogonium  of  the  Ascomycetous  and  ^cidiomycetous 
Fangi ;  the  receptacle  of  many  Hepaticae. 

In  some  Hepaticae  (e,g.  foliose  Jungermanniaceas),  and  in  all 
Mosses,  the  sorus  of  sexual  organs  is  surrounded  by  leaves,  which 
may  differ  more  or  less  from  the  ordinary  foliage  leaves.  The 
investment  thus  formed  is  termed  a  perichcetium,  and  the  leaves  are 
termed  perichoBtial  leaves. 

Since,  as  has  been  pointed  out,  the  gametangia  correspond  to 
the  sporangia,  the  gametophore  corresponds  also  to  the  sporophore  ; 
they  are  both  portions  of  the  shoot,  or  of  the  thallus,  which  are 


Fig.  4i,—Himanthalia  Ior«a  (mu'^h  reduced),     a 
vegetative  part  of  body ;  b  branched  gametophore. 
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specially  adapted  to  bear  the  reprodactive  organs,  in  the  one  case 
sexual,  in  the  other,  asexual.  And  jast  as  an  axis  of  the  sporo- 
phore  bearing  one  or  more  Sporangia  (whether  directly  or  on  spon- 
phylls)  is  termed  a  flower,  and  the  sporophore  itself  an  inflorescence ; 
so  these  terms  may  be  applied  to  the  gametophore,  though  the 
physiological  differences  between  the  sporangia  and  gametangia 
must  bo  borne  in  mind.  It  has,  in  fact,  long  been  customary  with 
reference  to  Mosses,  to  speak  of  the  sori  of  sexual  organs,  with 
their  perichsBtia,  as  "  flowers." 

(d.)  The  distribution  of  the  Sexual  Organs.  The  male  and  female 
organs  are  either  borne  by  the  same  gametophyte,  or  they  are 
boi*ne  by  distinct  male  or  female  gametophytes ;  in  the  former 
case  the  organism  is  said  to  be  monoecious,  in  the  latter  dicecious. 

The  following  are  instaDces  of  monacioiu  gametophytes : — 

Alga ;  Volcox  Globator,  Bhynconema  (ZygnemesB),  Vaucheria,  Sphaeroplea, 

Coleochffite,  some  species  of  Ghara  and  Nitella,  Fucus  platycarpus,  Hali- 

drjs,  Cystoseira,  Pycnophycus. 
Fungi ;  monoeoism  is  the  rale. 
Museinea  ;  essentially  moncecions. 

PUridophyta ;  homosporous  forms  generally  monoecious,  except  Eqaisetom. 
The  following  are  instances  of  dictciout  gametophytes : 
Alga;   Volvox  minor^  Eadorina,  Conjiigataa  generally,  Cutleria,  most  species 

of  Fucns,  Ozothallia  (Ascophyllum),  most  Bed  AlgsB. 
Pteridophyta;   Equisetam,    and    all  heterosporous    forms  (Hydropterideie, 

IsoetacesB,  Selaginellacess)* 

The  Phanerogams  have  not  been  included  in  the  preceding  list, 
for  the  conditions  which  obtain  among  them  in  this  i-espect  are 
peculiar,  and  demand  separate  consideration.  Inasmuch  as  the 
Phanerogams  are  heterosporous,  they  are  essentially  dioecious,  since 
each  kind  of  spore  produces  its  corresponding  male  or  female 
jifametophyte.  But  in  consequence  of  the  fact  (see  p.  74)  that  the 
macrospore  is  not  set  free,  but  remains  attached  to  the  sporophyte, 
and  germinates  in  that  position,  the  female  gametophyte  is 
attached  to  the  sporophyte.  On  this  account,  and  on  account  of 
the  rudimentary  development  of  the  male  gametophyte  (pollen- 
tube),  the  spores,  that  is  the  pollen- grain  and  the  embryo-sac, 
have  come  to  be  inaccurately  regarded  as  sexual  reproductive  cells, 
and  the  stamens  and  carpels,  which  are  really  sporophylls,  as 
sexual  reproductive  organs.  Hence  a  Phanerogam  is  said  to  be 
monoecious  when  the  same  individual  bears  both  stamens  and 
carpels,  dioecious   when  they  are   borne  by  distinct  individuals. 
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Monoecism,  in  this  sense,  is  the  general  rule  in  Phanerogams ;  but 
dioecism  obtains  in  the  CjoadaceflB,  the  Taxeas,  the  AraucariesB, 
some  JaniperiniB,  and  Ephedra,  among  Gymnosperms;  and  in 
Tarions  Angiosperms,  such  as  Naias,  the  Paudanaceie,  some  Palms, 
CannabtnaceflB,  SalicacesB,  Aacnba,  etc. 

When  in  monoBcions  plants  the  male  and  female  organs  are  botl^ 
present  in  the  same  soms,  as  in  some  AlgsB  (e.g,  Fucus  platycarpusj 
Halidrjs,  and  other  monoecious  Fncaceie)  and  in  some  Mosses,  the 
soms  is  said  to  be  bisexual  or  heifnaphrodite^  and  the  plant  is  said 
to  be  manocHnous ;  when  thej  are  borne  in  different  sori  on  the 
ttme  plant  {e.g.  in  HepaticsB  generally,  some  Mosses),  the  sorus  is 
Mid  to  be  unisexual,  male  or  female  as  the  case  may  be,  and  the 
plant  dicJinous.  These  terms  are  also  applied  to  the  flowers  of 
Phanerogams  in  accordance  with  the  foregoing  explanation; 
dicUnism  is  the  rule  in  the  Gymnosperms,  and  it  occurs  also  in 
varioDS  Angiosperms. 

§  18.  Apospory  and  Apogamy.  Although  it  is  the  rule  that 
the  gametopby te  springs  from  the  spore  produced  asezually  by  the 
sporophyte,  and  that  the  sporophyte  springs  from  the  spore  pro- 
daoed  sexaally  by  the  gametophyte,  yet  the  transition  from  the 
ooe  generation  to  the  other  may  bo  effected  otherwise. 

In  some  cases  vegetativ^e  reproduction  is  substituted  for  reprb- 
doction  by  an  asexually-prpduced  spore :  this  process  is  termed 
Apotpory,  Thus  in  some  Ferns  (e.g.  Athynum  Filiz  foemina)  the 
lifametophyte  (proth allium)  is  produced  directly  by  budding  from 
the  leaves  of  the  sporophyte. 

In  other  cases,  either  vegetative  reproduction,  or  reproduction 
b/  asezually-produced  spores,  is  substituted  for  reproduction  by 
seinally-produced  spores :  this  process  is  termed  Apogamy,  dis- 
tiaguisbed  in  the  one  case  as  vegetative  apogamy,  and  in  the  other 
u  parthenogenetic  apogamy  or  parthenogenesis.  Examples  of 
vegetative  apogamy  are  afforded  by  some  Ferns  (e.g.  Pteris  cretica) 
where  the  sporophyte  is  developed  as  a  bud  upon  the  gametophyte ; 
lod  also  in  certain  Ascomycetous  Fungi  where  the  sporophyte 
^uoocarp)  is  directly  developed  upon  the  mycelium ;  in  neither 
case  is  there  any  development  of  sexual  organs.  Examples  of  par- 
thenogenetic apogamy  are  afforded  by  the  Saprolegniacese,  where, 
although  oogonia  are  developed,  there  is  no  fertilisation,  but  the 
cells  (corresponding  to  oospheres)  contained  in  the  oogonia  ger- 
DJlnate  as  though  they  were  oospores ;  and  also  by  certain  Ascomy- 
cetes  where  the  archicarp  developes  without  fertilisation  into  an 
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ascocarp.  In  either  case  the  result  is  that  a  sporophjte  is  de- 
veloped from  that  which  either  is,  or  represents,  a  gamctophyte, 
without  the  intervention  of  a  sexual  process. 

§  19.  The  Fruit.  Although  the  forms  of  fruit  occuri*ing 
among  plants  are  so  various  in  their  form  and  in  their  structure, 
it  is  possible  to  include  them  all  in  a  single  definition.  A  fruit  is 
the  product  of  a  process  of  growth  initiated  as  a  consequence  of 
a  sexual  act  in  structures  which  are  not  themselves  immediately 
concerned  in  the  sexual  act. 

To  begin  with  instances  among  the  lower  plants,  the  cystocarp 
of  the  Red  Algie  and  the  ascocarp  of  the  Ascomjcetous  Fungi  are 
fruits.  In  these  cases  the  effect  of  the  fertilisation  of  the  female 
organ  is  not  merely  that  the  female  organ  gives  rise  to  sporangia 
(carposporangia  in  the  one  case,  asci  in  the  other) ;  but  the  ad- 
jacent vegetative  tissues  are  stimulated  to  growth,  forming  an 
investment  to  the  structures  developed  directly  from  the  fertilised 
female  organ,  the  whole  constituting  a  fruit. 

Similarly,  in  the  Bryophyta,  and  to  a  less  extent  in  the  Pterido- 
phyta,  the  effect  of  the  fertilisation  of  the  oosphere  is  not  merely 
to  cause  the  formation  of  an  oospore  and  the  development  of  an 
embryo,  but  the  wall  of  the  archegonium  is  stimulated  to  fresh 
growth  and  forms  an  investment,  the  calyptra^  which  encloses 
the  embrjo-sporophyte  for  a  longer  or  shorter  period,  the  whole 
constituting  at  this  stage  a  fruit. 

The  most  remarkable  instances  of  fruit- formation  are,  however, 
to  be  found  in  the  Phanerogams.  Here,  as  a  result  of  the  fertilisa- 
tion of  the  oosphere,  various  parts  of  the  flower  are  stimulated  to 
growth ;  most  commonly  it  is  only  the  macrosporophylls  (carpels) 
which  are  so  affected,  but  the  stimulating  influence  may  extend  to 
the  perianth-leaves  or  to  the  axis  of  the  flower,  the  resulting  tissues 
being  either  hard  and  woody,  or  soft  and  succulent  (see  Part 
III.,  under  Phanerogams).  The  peculiar  feature  of  the  fruit  of 
these  plants,  as  contrasted  with  those  of  the  lower  plants,  is  that 
here  the  tissues  affected  all  belong  to  the  sporophyte,  whereas  in 
the  lower  plants  they  belong  to  the  gametophyte:  this  is  the 
necessary  result  of  the  peculiar  relation  of  the  female  gametophyte 
to  the  sporophyte  which  obtains  in  the  Phanerogams  (see  p.  86). 

§  20.  The  Seed.  As  this  is  a  structure  which  is  peculiar  to 
Phanerogams,  its  morphology  is  discussed  in  connection  with  that 
group  (see  Part  III.,  p.  458). 


PART  II. 

THE  INTIMATE  STRUCTURE  OF  PLANTS. 

(Anatomy  and  Histology). 

§  21.  Introductory.  The  body  of  a  plant,  like  that  of  an 
ftaimal,  consists  essentially  of  living  matter  termed  fyrotoplasm. 
The  bodj  m&y  consist  simply  of  a  mass  of  protoplasm,  as  the  plas- 
modium  of  the  Myxomycetes ;  or  it  may  consist  of  a  mass  of  proto- 
plasm invested  at  the  surface  by  a  definite  membrane  which  is  not 
protoplasmic  (e.g.  Phy corny cetons  Fnngi  and  Siphonaceoas  Alg89)  ; 
or  it  may  consist  of  a  mass  of  protoplasm  segmented  into  portions 
bj  Don-protoplasmic  partition-walls.  A  body  of  this  last  type  of 
stnictare  may  be  conveniently  distinguished  as  septate,  from  those 
of  the  two  former  types  which  are  unseptate. 

On  examining  the  protoplasm  of  any  plant,  it  will  be  foand  to 
contain  certain  well-defined  protoplasmic  bodies  termed  nuclei ;  it 
is,  in  fact,  the  case  that  all  protoplasm  is  nacleated.  In  an  un- 
septate body,  such  as  those  mentioned  above,  the  nuclei,  which  are 
very  numerous,  are  scattered  irregularly  throughout  the  proto- 
plasm. In  the  septate  body  of  certain  plants  (e.g.  higher  Fungi ; 
some  Algse,  such  as  Cladophora  and  Hy drodictyon)  the  septation  of 
the  body  and  the  distribution  of  the  nuclei  stand  in  no  direct  rela- 
tion to  each  other,  the  protoplasm  being  segmented  into  portions 
each  of  which  includes  a  number  of  nuclei ;  such  a  plant-body  may 
be  designated  as  iticompletely  septate.  In  the  rest  of  the  septate 
plants,  the  septation  of  the  protoplasm  and  the  distribution  of  the 
naclei  stand  in  a  direct  relation  to  each  other,  such  that  each  of 
the  portions  into  which  the  protoplasm  is  segmented  contains 
bot  a  singlo  nucleus ;  a  plant-body  of  this  structure  may  be  des- 
cribed as  completehj  septate. 

The  portions  of  protoplasm  which  are  delimitated  by  the  septa  in 
the  body  of  a  completely  septate  plant,  are,  both  morphologically 
and  physiologically,  units  of  protoplasm.  They  are  frequently 
spoken  of  as  cells,  but  it  is  more  accurate  to  reserve  this  term  to 
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the  protoplasmic  unit  together  with  the  wall  (^cell-wall)  by  which 
it  is  invested,  and  to  term  the  protoplasmic  unit  an  energid. 
The  strnctDre  of  the  body  or  any  part  of  it  can  only  be  accurately 
described  as  cellular  when  it  consists  of  one  or  more  such  cells, 
that  is,  when  it  is  either  unicellular  {e.g.  Yeast,  Heematococcus, 
etc.)  or  multicellular.  The  body  of  an  unseptato  plant  (such  as 
the  PhycomycetoQs  Fungi  and  the  Siphonaceous  Algss),  as  also 
a  segment  of  the  body  of  an  incompletely  septate  plant  (such  as 
Cladophora,  Hydrodictyon,  etc.),  is  not  a  single  cell,  but  is  an 
aggregate  of  protoplasmic  units  (energids)  enclosed  within  a 
common  wall.  Such  a  body,  or  part  of  a  body,  may  be  con- 
veniently distingaished  as  a  coenocyte,  and  the  plants  in  which  it 
occurs  may  be  said  to  have  cosnocytic  strnctare. 

Even  in  typically  cellular  plants  structures  occur  which  are 
coenocytic.  Thus,  in  the  early  stages  of  its  development  in  the 
embryo-sac  of  a  Phanerogam,  the  endosperm  is  generally  unsep- 
tate,  consisting  of  a  layer  of  protoplasm  with  many  nuclei  scattered 
through  it;  it  eventually  becomes  a  cellular  tissue  by  the  delimit- 
ation of  the  constituent  energids  by  means  of  cell- walls.  But  even 
when  the  cell- walls  are  formed,  they  do  not  always  enclose  single 
energids  ;  in  Corydalis  cava^  for  instance,  the  net-work  of  cell- walls 
encloses  several  energids  in  each  mesh,  so  that  the  structure  of  the 
endosperm  is  at  first  coenocytic;  eventually,  however,  the  nuclei  in 
each  coenocyte  fuse  together  until  only  one  remains,  and  in  this 
way  the  transition  from  coenocytic  to  cellular  structure  is  effected. 
Again,  a  " laticiferous  cell*'  of  a  Euphorbia  (and  other  Phanero- 
gams) is  essentially  a  coenocyte  like  the  body  of  a  Vaucheria  or  a 
Botrydium. 

On  the  other  hand,  there  is  such  a  thing  as  a  multinucleate 
cell.  It  has  been  observed,  for  instance,  in  old  internodal  cells  of 
Chara,  and  in  old  parenchymatous  cells  of  Lycopodium  and  of 
various  Phanerogams  (e.g.  Tradescantia,  Taraxacum,  Cere  us,  Sola- 
num,  etc.)  that,  from  being  uninucleate,  they  become  multinucleate 
by  the  direct  division  or  fragmentation  of  the  nucleus  (see  p.  96). 

The  distinction  between  a  coBnocyte  and  a  multinucleate  cell 
would  appear  to  be  this :  that  the  former  is  either  multinucleat-e 
from  the  first  or  becomes  so  at  a  very  early  stage  in  its  develop- 
ment, whilst  the  latter  becomes  multinucleate  at  a  quite  late 
period  ;  and  further,  that  in  the  coenocyte  the  nuclei  multiply  by 
indirect  division  (see  p.  97),  whereas  in  the  multinucleate  cell 
they  multiply  by  direct  division  or  fragmentation. 
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There  is  another  kind  of  etmcture  occnrring  in  cellular  plants 
which  has  to  be  distinguished  from  both  the  cell  and  the  coenocjte : 
that  is  the  syncyte.  This  structure  is  developed  from  already- 
formed  cells  by  an  absorption,  more  or  less  complete,  of  the  cell- 
waiU,  which  places  the  cavities  of  the  adjacent  cells  in  direct  con- 
tinoity.  The  commonest  case  of  this  occars  in  the  development  of 
vessels,  where  the  transverse  septa  of  a  longitudinal  row  of  cells 
are  absorbed  so  that  a  continuous  tube  is  formed. 

Bnt  even  in  the  fully-developed  cellular  plant-body  it  appears  to 
be  very  frequently  the  case  that  the  energid  in  one  cell  is  not 
absolately  cut  off  fi*om  those  of  the  adjacent  cells,  but  that  there 
is  continuity  of  the  pro- 
iffl<um\  that  is,  that 
the  protoplasm  of  one 
cell  is  connected  with 
that  of  the  contiguous 
cells  by  means  of  very 
delicate  protoplasmic 
fibrils  which  traverse 
the  pits  or  pores  of  the 
intervening  cell -walls 
(Fig.  45).  This  con- 
nectiou  appears,  how- 
ever, to  exist  from  the 
first  development  of  the 
cells,  and  thus  differs 
from  the  case  of  the 
sjncjte  where  the  ab- 
sorption of  the  inter- 
vening cell-walls  is  a 
secondary  process. 

The  term  tusue  is  generally  applied  to  any  continaous  aggregate 
of  cells  (or  of  coenocytes)  ;  bat  it  is  essential  to  define  the  term 
more  accurately.  A  true  tissue  is  an  aggregate  of  cells  (or  of 
coenocytes)  which  (I)  have  a  common  origin,  whether  formed 
simultaneously  (e.g.  development  of  endosperm  of  Phanerogams), 
or  successively,  as  in  the  case  of  a  tissue  developed  from  a  grow- 
ing.point;  which  (2)  are  coherent  from  the  first  and  are  governed 
bj  a  common  law  of  growth;  and  which  (3)  are  physiologically 
intei-dependent  and  cannot,  in  fact,  exist  otherwise  than  as  part 
of  the  tissue. 


h—^-^ 


Ffo.  45  (liigbly  mftgnifle<1»  after  Gnrdiner).  —  C '>n- 
tinnity  of  the  protoplatm  of  contiguous  cells  of  the 
eiidoBperm  of  a  Palm-seed  (Bentinckia) :  a  contracted 
protoplasm  of  a  cell ;  h  a  group  of  delicate  protoj  lasmic 
fibrils  passing  through  a  pit  in  the  cell-walL 
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This  definition  may  be  farther  illustrated  by  the  consideration  of  aggregates 
of  cells  (or  of  ccenocytes)  which  do  not  oonstitute  true  tissue.  For  instauce, 
the  body  of  Hydrodictyon  consists  of  a  number  of  coherent  ccenocytes  which 
Here  originally  free  cells,  and  which  are  physiologically  independent ;  similarly 
the  cells  forming  the  body  of  a  Spirogyra  do  not  constitute  a  true  tissue,  on 
account  of  their  physiological  independence.  In  the  higher  Fungi  {e.g.  Agari- 
ens)  a  nearer  approach  to  a  true  tissue  is  made  by  the  aggregation  of  filaments 
(hypluB)  of  the  mycelial  body  into  masses  such  that  the  growing-points  of  the 
Aggregated  hypha  form  a  collective  apical  growing-point.  These  various  forms 
of  cell-aggregation  may  be  distinguished  as  tpuriovs  tiuuei. 

The  tissue,  true  or  sparioas,  of  which  the  body  of  a  plant  con- 
sists may  be  either  homogeneous  or  heterogenous ;  that  is,  the  cells 
(or  the  ccenocytes)  may  be  all  alike,  coDstitating  therefore  bnt  one 
kind  of  tissue ;  or  they  may  not  be  all  alike,  the  different  kinds  of 
cells  being  more  or  less  grouped  together  so  as  to  form  different 
kinds  of  tissae.  A  body  which  consists  of  different  kinds  of  tissues 
is  said  to  be  histologically  differentiated. 

The  structural  differences  between  the  various  forms  of  tissue 
in  a  histologically  differentiated  body  are  essentially  connected 
with  the  special  adaptation  of  each  form  of  tissue  to  the  per- 
formance of  some  particular  function  in  the  economy ;  their  differ- 
ences are,  in  fact,  evidence  of  their  physiological  interdependence. 
In  a  histologically  undifferentiated  body  (e.g.,  Hydrodictyon, 
Spirogyra,  etc.),  the  cells  (or  coenocytes)  are  all  similar  because 
they  all  have  to  discharge  similar  functions;  in  fact,  each  cell 
(or  ccEnocyte)  discharges  all  the  functions  of  a  living  body ;  at 
first  nutritive  in  function,  it  closes  its  existence  as  a  reproduc- 
tive organ.  A  body  such  as  this,  consisting  of  physiologically 
independent  structural  units,  is  distinguished  as  a  cosnohium. 

It  is  a  remarkable  fact  that,  whilst  the  cells  of  the  various 
tissues  of  a  histologically  differentiated  body  present  chaiacteristic 
peculiarities  of  form,  size,  and  relative  arrangement,  the  most 
striking  distinctive  peculiarities  are  exhibited,  not,  as  in  animals, 
by  the  protoplasm  of  the  cells,  but  by  the  cell-walls  in  respect  of 
their  thickness,  their  chemical  composition  and  physical  properties, 
and  their  markings  (p.  103). 

Inasmuch  as  the  cellular  plants  are  the  more  numerous,  and 
present  greater  variety  of  structure,  the  following  account  deals 
almost  exclusively  with  them.  And  since  the  cell  is  the  structural 
unit  of  these  plants,  it  will  be  advantageous  to  study  the  cell  as 
such  first,  and  then  to  proceed  to  the  study  of  the  tissues. 
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CHAPTER  I. 


THE   CELL. 


§  22.  The  Structure  and  Form  of  the  Cell.  In  a  fully 
deyeloped  living  cell  the  following  three  principal  constitaents 
may  be  distinguished  (Fig.  4^  B  G  and  D)  : — 

(1)  A  closed  membrane,  the  cell-wall  (^),  consisting  generally  of 
a  substance  termed  cellulose. 

(2)  A  layer  of  gelatinous  snbstance,  the  protoplasm  (p),  lying  in 
close  contact  at  all 
points  with  the 
internal  surface 
of  the  cell-wall; 
the  protoplasm 
gires  the  chemi- 
cal reactions  of 
proteid.  In  it 
lies  a  nucleus  (k)j 
in  wliich  one  or 
more  smaller 
bodies,  nucleoli 
(U)  may  generally 
be  distinguished. 

(3)  Cavities, 
one  or  more,  in 
the  protoplasm, 
termed  vacuoles 
(»),  which  are 
Hllcd  with  a  wa. 
tery    liquid,     the 

The  structure 
of  a  coenocyte  is 
essentially  the 

same  as  that  just  described,  except  that  several  (sometimes  very 
mABj)  naclei  are  present. 

The  young  cell  presents  a  somewhat  different  appearance  (Fig. 
46  A).  At  this  stage  the  protoplasm  occupies  the  whole  cell- 
carity.  But,  in  the  subsequent  development  of  the  cell,  the  in- 
crease in  bulk  of  the  protoplasm  does  not  keep  pace  witb  the 


Fio.  46.-00118  and  their  strnetare.  A  Toung  ce1l8  from  the 
orury  of  SymphorienrpuM  raeemotuM  (  k  900) ;  B  celle  from  an 
older  oruTj  of  the  same  plant  ( x  900) ;  C  and  2)  from  the  fVait 
of  the  tame  plant  ( x  100) ;  h  cell-wall ;  p  protoplasm :  fc 
nncleuB;  hk  nacleolos;  •  racnole.  In  0  there  is  a  single 
Ifirge  vaenole,  the  whole  of  the  protoplasm  forming  the  parietal 
layer.  In  D  there  are  several  yacnoles,  and  the  nnclens  lies  in 
a  central  mass  of  protoplasm  connected  with  the  parietal  layer 
bjr  nnmerooB  strands. 
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superficial  growth  of  the  cell-wall.  Hence,  since  the  protoplasm 
most  remain  in  contact  with  the  cell-wall  at  all  points,  the  resnlt 
is  that  cavities,  the  vacaoles,  are  formed  which  become  filled  with 
cell-sap  (Fig.  46  B).  The  vacaoles,  small  at  first,  increase  with 
the  growth  of  the  cell,  and  may  fuse  together  to  a  greater  or  less 
extent  owing  to  the  gradual  withdrawal  of  more  and  more  of  the 
protoplasm  into  the  now  extensive  parietal  layer. 

Cells  such  as  these  are  examples  of  the  kind  of  cells  which  com- 
pose  the  succulent  parts  of  plants,  such  as  the  cortex  of  stems  and 
roots,  the  tissue  of  leaves,  succulent  fruits,  etc.,  in  fact  the  bulk  of 
the  actually  living  tissues  of  the  plant.  In  the  higher  plants  it  is 
generally  the  case  that  a  considei-able  number  of  the  cells  of  the 
body  eventually  lose  the  whole  of  tlicir  proper  contents,  contain- 
ing, in  fact,  nothing  but  air  or  water;  such  are  cork-cells  and 
vascular  wood-cells.  Such  structures  are  no  longer  living  cells, 
bnt  are  merely  their  skeletons,  and  are  of  use  only  in  virtue  of  the 
mechanical  properties  of  their  cell- walls. 

On  the  other  hand,  there  are  frequently  found  in  connection 
with  the  processes  of  reproduction,  what  have  been  termed 
piimordial  ceUs,  such  as  zoospores,  zoogonidia,  gametes,  sperma- 
tozoids,  and  oospheres  (see  p.  69  and  p.  80),  each  of  which  is 
simply  an  energid,  or  rarely  a  complex  of  several  energids  (e.g., 
zoogonidinm  of  Vaucheria),  without  any  cell- wall,  though  the 
zoospores  and  zoogonidia  eventually  secrete  a  cell- wall  when  they 
come  to  rest,  as  do  also  the  oospheres  after  fertilisation. 

The  size  and  form  of  the  cell  vary  widely.  While  some  cells 
are  so  small  that  little  more  than  their  outline  can  be  discerned 
with  the  help  of  the  strongest  magnifying  power  (about  O'OOl  of 
a  millimetre  in  diameter),  others  obtain  a  considerable  size  (from 
01  to  0*5  millim.),  so  as  to  be  distinguishable  even  by  the  naked 
oye  (e  g.,  in  pith  of  Dahlia,  Impatiens,  Sambucus).  Many  grow 
to  a  length  of  several  centimetres,  as  the  hairs  upon  the  seed  of 
Gossypium  (cotton) ;  and  if  coenocytes  be  included,  such  as  the 
laticiferous  tubes  of  the  Euphorbiaceee,  the  Siphonaceous  Algie, 
and  the  Phycomycetous  Fungi,  very  much  larger  dimensions  in 
length  are  attained. 

The  Form  of  such  cells  as  constitute  an  entire  individual,  or 
exist  independently,  not  forming  part  of  a  tissue  (e.g.  spores),  is 
geiiei-ally  spherical,  or  ovoid,  or  cylindrical.  The  various  organs 
of  highly  organised  plants  consist  of  many  varieties  of  cells,  and 
even  in  the  same  organ  cells  lie  side  by  side  which  are  of  very 
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different  form.  The  two  maia  types  of  cells  are,  first,  SQcfa  as  are 
spheroidal  or  polyhedral,  with  nearly  equal  or  slightly  differing 
diametera  (Fig.  46),  as  in  pith,  juicy  fruits,  fleshy  tubers;  and 
secondly,  snch  as  are  narrow  and  greatly  elongated  (Fig.  94),  as 
in  the  case  of  fibres. 

§  23.  The  Protoplasm.  The  protoplasmic  contents  of  a 
cell  present  certain  clearly  differentiated  poHions.  In  the  first 
place  there  is  a  nucleus ;  closely  associated  with  the  nucleus  is  a 
bcMiy  termed  the  centroitphere ;  and  finally,  there  are  more  or  less 
nomeroas  plcLslids.  These  all  lie  in  the  general  protoplasm  of  the 
cell  which  may  be  distinguished  as  the  cytoplasm. 

0.  The  Ciftoplasm  is  of  viscid  tenacious  consistence,  but  it  is  not 
a  fiaid.  Chemical  examination  shows  that  it  consists  (at  least, 
when  dead)  of  proteid  substance,  and  apparently  of  a  single  such 
substance  termed  cytoplaMin ;  intimately  associated  with  this  are 
varying  quantities  of  other  organic  substances,  such  as  other 
proteids,  fats,  and  carbohydrates,  together  with  water,  and  a 
small  proportion  of  inorganic  ash-constituents.  As  it  is  the  seat 
of  all  the  nutritive  processes  of  the  cell,  it  must  obviously  contain 
at  different  times  all  the  various  chemical  substances  which  enter 
into,  or  are  formed  within  the  cell. 

The  cytoplasm,  apart  fi-om  the  granules  of  foreign  matter 
geDerally  present  in  it,  may  be  distinguished  as'  cyto-hydloplasm, 
of  which  the  delicate  firmer  superficial  layer  of  the  cytoplasm, 
known  as  the  ectoplasm,  solely  consists.  As  a  rule,  the  cyto- 
hjaloplasm  is  distinguishable  into  the  formative  cyto- hyaloplasm 
or  kuioplasm,  and  the  nutritive  cyto-hyaloplasm ;  the  former  is 
always  intimately  associated  with  .the  nucleus,  and  is  active  in  the 
processes  of  cell-formation ;  the  latter  constitutes  generally  the 
main  bnlk  of  the  cyto-hyaloplasm.  It  would  appear  that  the 
capacity  of  a  cell  for  growth  and  multiplication,  that  is,  the 
embryonic  condition  of  the  cytoplasm,  must  depend  upon  the 
presence  of  a  certain  proportion  of  kinoplasm. 

b.  The  Nucleus  is  always  situated  in  the  cytoplasm,  and,  in 
actively  growing  cells  at  least,  in  the  kinoplasm.  It  consists  of 
Tarions  proteid  substances.  Its  structure,  when  at  rest,  may  be 
generally  described  as  follows.  It  is  bounded  at  the  surface  by  a 
membrane  which  belongs,  however,  to  the  cytoplasm,  or,  more  ac- 
curately, to  the  kinoplasm.  It  consists  mainly  of  a  semi-fluid  clear 
groand-snbstance,  the  nucleo-hijaloplasm,  which,  from  the  chemical 
point  of  view,  is  a  substance  termed  paralinin.     In  the  nucleo- 
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Fio.  47.— ReHliug  nacleu« 
from  the  young  endorpcrm 
of  FritHlaria  imperial^ 
(after  StraHburger :  x  1000) ; 
ehowing  the  fibrilUir  net- 
work with  its  chroroatin- 
grannies,  and  several  nu* 
cleoli. 


hyaloplasm  lies  a  fibrillar  network  consisting  of  a  substance  termed 
Ixnin,  in  which  are  distributed  a  number  of  grannies  of  a  substance 
termed  chromatin.  One  or  more  small 
granules,  termed  nucleoli,  are  to  be  seen 
lying  in  the  ground-substance,  and  consist 
of  a  substance  termed  jtyrenin.  On  treat- 
ing the  nucleus  with  staining  reagents,  the 
fibrillar  network  becomes  stained  on 
account  of  the  absorption  of  the  colouring- 
matter  by  the  chromatin-granules,  as  also  do 
the  nucleoli.  Its  form  is  most  commonly 
spherical,  but  it  may  be  lenticular,  or 
elongated,  and  straight  or  curved. 

A  formation  of  a  nucleos  de  novo  does 
not  take  place  under  any  circumstances; 
hence  all  the  nuclei  in  a  plant  have  been 
derived  by  repeated  division  from  the  nu- 
cleus of  the  spore  from  which  the  plant  has  developed.  The 
division  of  the  nucleus  may  be  either  direct  or  indirect  (mitotic) ; 

in  all  cases  it 
^  «  divides      into 

\ :.  I  I  ^^...^^        not  more  than 

^  '  ^       two  parts. 

Direct  divi- 
sion or  frag- 
mentation of 
the  nucleus 
commonly  oc- 
curs in  old 
cells  (see  p. 
90),  which 
then  become 
multinucle- 
ate ;  it  is  not 
associated 
with  cell-divi- 
sion. So  far 
as     the     pro- 

Pio.  48.— Direct  nnclear  division,   fn  cells  of  old  intemodes  of  cess  has   been 

Tradeoeantia  virginica:  A  drawn  from  fre»h  material;   B  isolated  investigated 

nuclei,  after  treatment  with   acetic  methyl-green.    (After  Stras-  .  .       * 

burger:   x640.)  it      COnsistS 
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simply  in  the  constriction  of  the  nncleos  into  two  halves  (Fig. 
48). 

Indirect  or  mitotic  division  of  the  nacleus  is  generallj  associated 
with  cell-diTision ;.  in  coenocjtes,  however,  the  indirect  nuclear 
division  is  not  followed  by  cell-division,  but  each  division  results 
simply  in  a  corresponding  increase  in  the  number  of  protoplasmic 
onits  present  (energids,  see  p.  90).  The  description  of  this 
mode  of  nuclear  division  is  included  in  the  account  of  cell- 
dinsion  (p.  118). 

c.  The  Centrospheret  though  a  perfectly  independent  body,  is 
always  closely  associated  with  the  nucleus.  It  is  spherical  in 
form,  and  consists  of  a  central  particle  (the  cenirosome),  surrounded 
by  a  considerable  hyaline  area,  limited  by  a  granular  outline.  It 
undergoes  division  in  connection 
with  the  division  of  the  nucleus,  as 
described  in  the  section  dealing  with 
that  subject.  It  appears  that  there 
are  normally  two  of  these  bodiea 
associated  with  the  nucleus,  lying 
close  together  (Fig.  49)  in  the  kino- 
plasm. 

d.  The  Plastids  are  differentiated 
portions  of  the  protoplasm  which, 
like  the  nucleus,  are  not  formed  de 
wco,  but  multiply  by  division.  Their 
fonn  varies  widely.  Structurally, 
tbej  seem  to  consist  of  a  ground- 
sabstance  with  imbedded  fibrils, 
denser  at  the  surface.  Chemically,  they  have  been  described  as 
consisting  of  two  proteid  substances ;  the  one,  termed  chloroplastinj 
constitutes  the  ground-substance,  and  seems  to  be  similar  to  the 
cjtoplastin  of  the  cytoplasm;  the  other,  termed  metaxin,  is  the 
material  of  the  fibrils,  and  appears  to  be  altogether  peculiar  to  the 
plastids. 

The  plastids  may  either  be  colourless,  when  they  are  termed 
leitcoplcutvh ;  or  coloured,  when  they  are  termed  chromatophores. 
Thechromatophores  are  distinguishable  as  chloropladidsj  when  they 
contain  the  green  colouring- matter  c^iioropA^ZZ;  or  as  chromoplastids 
when  they  contain  no  chlorophyll,  but  some  other  colouring- 
matter.  Plastids  are  not  found  in  the  Fungi,  nor,  apparently,  in 
the  Cyanophyceffi  among  the  Algae. 

T.S.B,  H 


Fio.  40.  —  Toangr  pollen-fprain  of 
LUium  Jfartayon,  showing,  e  two  oen- 
trospheres,  and  n  the  resting  nadeos. 
(After  Goignard :  x760.) 
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The  Leucoplastids  may  be  spheroidal,  fasiform,  or  cylindrical  in 
shape ;  thej  are  especially  numerous  in  the  neighbourhood  of  the 
-  nucleus.       In     parts    of 

*^  plants  which,  in  the  or- 

dinary course,  eventually 
become  exposed  to  light, 
the  leucoplastids  de- 
velope  into  chloroplas- 
tids.  Convei-sely,  when 
a  part  which  is  normally 
exposed  to  light  is  kept 
in  darkness,  the  chloro- 
plastids  become  replaced 
by  leucoplastids.  The 
essential  function  of  the 
leucoplastids  is  to  form 
starch -grains. 

The  Chl&roplastids  or 
Chlorophyll-bodies,  are  of 
various  form.  The  cha- 
racteristic feature  of 
them  is  their  function, 
which  is  twofold.  In 
the  first  place,  they  can, 
like  the  leucoplastids,  generally  produce  starch-grains ;  in  the 
second  place,  they  are  capable,  in  virtue  of  the  colouring-matter 
present  in  them,  of  constructing  organic  substance  from  carbon 

dioxide  and  water  under  the  in- 
fluence of  light  (see  Part  IV.). 
Their  function  is  thus  not  only 
starch-forming  or  amyloplastic,  but 
also  assimilatory.  These  two 
functions  may  be,  and  usually  arc, 
carried  on  simultaneously ;  hence 
when,  under  the  influence  of  light, 
organic  substance  is  being  pro- 
duced in  the  chloroplastid,  it 
usually  becomes  filled  with  starch- 
grains,  and  sometimes  to  such  an 
extent  that  the  substance  of  the 
chloroplastid  constitutes   but  the 


Fi«.  60.— Gh1oroplMti<l8  in  the  cjtoplasm  of  the 
cells  of  tbe  prothaUium  of  a  Fern.  A  Optical  section 
of  the  cells ;  B  part  of  a  cell  seen  from  the  surface. 
Some  of  the  plastids  have  began  to  divide  ( x400). 


Fie.  61.  —  Group  of  rod-like  leuco- 
plastids, each  bearlDg  a  pyramidal 
starch-grain,  collected  round  the  nu- 
cleus in  a  cell  of  the  pseudo-bulb  of  an 
Orchid  {PhajMa  grandi/oliut),  (x860: 
after  Schimpflr.) 
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wall  of  a  vesicle  (Fig.  52).  Bat  starch-grains  may  be  formed  in  a 
chloroplastid,  as  in  a  leucoplastid,  in  the  absence  of  light;  the 
organic  substance  required  for  the  building-up  of  the  starch-grain 
being  not  produced  in  the  chloroplastid  itself,  but  supplied  from 
other  parts  of  the  plant. 

These  plastids  are  termed  chloro' 
jploitids,  because  the  colouring-matter 
npon  which  their  assimilatorj  func- 
tion depends  is  most  commonly  the 
familiar  green  colouring-roatter,  chlo- 
rophyll. But  they  are  not  always 
erecn.  In  some  of  the  Algae  they  are 
red  or  brown,  because  in  addition  to 
chlorophyll  there  is  present  in  the 
one  case  (Rhodophyceie),  a  red 
colouring- matter,  phycoeri/thrtn,  and 
in  the  other  (PhsBophyceee)  a  brown 
colonring- matter,  phycoxanthin  or  phy- 
cophain.  These  substances  are,  how- 
ever, related  to  chlorophyll. 


Fio.  82.— I80lat«d  chloroplasUds  with 
rfxthj  contenU  from  the  leaf  of  Funaria 
^VfrvaMtriea  (650).  a  A  young  oorpnscle; 
^  an  older  one,  h'  and  h"  have  hegnn  to 
diride ;  c  d  •  old  corpnsclea  in  which  the 
»tarehjr  contenU  fill  almost  the  whole 
fee ;  /  and  y  after  maceration  in  waler 
by  which  the  snbstance  of  the  corpuscle 
bae  been  deetxoyed  and  only  the  starchy 
oontenu  remain.    (After  Sachs.) 


Fio.  63.— CladopKora  glonurata 
(after  Strasbnrger  :  x  610).  A 
ccenocyte  of  the  filament  (chromic 
acid  and  carmine  preparation) ; 
n  nucleus;  eh  chloroplastid;  the 
polygonal  cbloroplastids  form  a 
continuous  layer,  the  oatlines  of 
the  individual  plastids  remaining 
risible;  p  pyrenoids ;  v  starch- 
grains. 


When  the  colouring-matter  is  dissolved  out  by  alcohol  or  some 
other  solvent,  the  protoplasmic  plastid  is  left  colourless,  but  un- 
changed in  form  or  size.     The  chlorophyll  appears  to  exist  in  an 
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oily  solution,  and  to  be  confined  to  the  fibrillar  portions  of  the 
plastid,  in  the  form  of  di-oplets  (grana). 

The  most  common  form  of  chloroplastid — the  only  one  occurring 
in  the  higher  plants— is  the  chlorophyll-corpuscle  (Fig.  52),  which 
is  flattened  and  discoid.  Usually,  many  corpuscles  are  present  in 
a  cell,  but  occasionally  (e.g,  Anthoceros)  there  is  only  one.  In 
the  Alg89  the  chromatophores,  though  sometimes  small  and 
discoid  {e.g,  Vaucheria,  Fucus,  etc.),  are  more  commonly  large, 
occurring  singly,  and  of  very  various  form. 


—ch 


Fi«.  BU—Spirogyra  maju$eula  (after  Straa- 
burger :  x  240).  A  cell  of  a  ftlament,  showing 
the  naclous  snspended  in  the  centre;  also 
the  spirally-wound  chromatophore  with  py- 
renoids. 


Fio.  65.— Part  of  a  cell  of  Spirogyra 
showing  the  chromatophore  ck,  with 
the  pyrenoidB  p,  surronnded  by  a  dense 
layer  of  protoplasm  in  which  are  nu- 
merous starch-grains.  (After  Scbmils : 
X  800.) 


The  chromatophores  of  the  Algie  present  a  great  variety  of  form.  Generally 
speaking,  those  of  the  higher  forms  are  small  corpuscles  of  a  more  or  less 
discoid  form  ;  while  in  the  lower  forms  the  chromatophores  are  few  in  number, 
often  single,  in  each  cell,  and  are  relatively  large,  assuming  commonly  the 
shape  of  a  flattened  plate,  sometimes  elongated  and  straight  or  spirally  coiled 
(Figs.  54,  55).  In  the  latter  case  the  large  flattened  chromatophores  present 
one  or  more  spherical  thickenings,  each  cf  which  is  termed  a  pyrenoid  (Figs. 
53—55),  and  consists  of  a  homogenous  colourless  mass  of  proteid  substance. 
From  their  limitation  to  the  lowest  forms  of  AlgsB  (some  Diatoms,  among 
Phsophycere  ;  Bangiace®,  Nemalieie,  among  Bhodophyces ;  ConjugatsB,  Con- 
fervoideaa,  among  Chlorophyceae),  it  would  appear  that  there  is  some  connexion 
between  the  presence  of  pyrenoid s  and  an  incomplete  differentiation  of  repro- 
ductive and  vegetative  cells  in  the  plant  in  which  the  pyrenoids  occur  (see 
Alga,  Part  III.).  They  may,  in  fact,  be  regarded  as  masses  of  reserve  proteid. 
The  only  plant,  outside  the  AlgsB,  in  which  a  pyrenoid  has  been  found  in  the 
chromatophore  is  Anthoceros. 
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This  Tiew  of  the  Bignifioanee  of  the  pyrenoids  is  supported  by  the  fact  that 
stajch-graiiiB,  t.f .  reserves  of  carbohydrate,  are  very  generally  deposited  in  the 
ehromatophore  immediately  round  the  pyrenoid.  In  most  of  the  Chlorophyceas 
vbieh  have  pyrenoids,  the  pyrenoid  is  (under  appropriate  conditions)  com- 
pletely eneloeed  by  a  sort  of  shell  of  starch-grains  lying  in  the  adjacent  por- 
tion of  the  ehromatophore  (see  Fig.  65).  In  these  large  ohromatophores,  the 
assimilatory  and  amyloplastic  functions  are  not  uniformly  distributed  :  whilst 
the  general  mass  of  the  ehromatophore  carries  on  the  former,  the  latter  is 
confined  to  the  portion  of  it  which  closely  invests  the  pyrenoids. 

Another  fact,  bearing  on  the  significance  of  the  pyrenoids,  is  that  they  vary 
m  bulk  from  time  to  time,  in  relation,  apparently,  to  the  condition  of  nutrition 
of  the  cell :  hence  it  is  probable  that  they  may  yet  be  found  in  plants  which,  at 
present,  seem  not  to  possess  them.  For  instance,  the  singular  fact  that  they 
have  been  discovered  in  some  Diatoms  and  not  in  others,  may  perhaps  be  ex- 
plieable  on  this  ground. 

Chromatophores  multiply  by  division  into  two,  effected  by 
median  constriction  (Figs.  60  B ;  62)  :  pyrenoids,  when  present, 
are  multiplied  in  the  same  way. 

The  chloroplastids  ultimately  undergo  degeneration,  when,  as  in 
the  case  of  falling  leaves,  for  instance,  all  that  remains  of  them  is 
a  few  yellow  granules. 

In  many  cases  the  green  colour  of  parts  of  plants  containing 
chloroplastids,  is  masked  by  the  presence 
of  other  colouring-matters  held  in  solu- 
tion in  the  cell-sap  {e.g.  the  leaves  of 
AraaranthuB,  Coleus,  Copper  Beech,  Copper 
Hazel,  etc.). 

The  Chromoplastida  are  generally  de- 
rivatives of  chloroplastids  which  have  un- 
dergone a  change  both  in  form  and  colour. 
Thejr  occur  most  commonly  in  the  cells  of 
yellow  floral  leaves,  such  as  those  of  Tro- 
pasolnm  (Fig.  66)  :  in  the  superficial  cells 
of  many  fruits  of  a  red  or  orange  colour 
(e.g.  berries  of  Solanum,  fruit  of  Tomato). 
The  yellow  colour  of  the  root  of  the  Carrot 
is  due  to  the  presence  of  leucoplastids,  in 
each  of  which  there  is  a  large  orange- 
coloured  crystal  of  carotin.  The  chloro- 
plastids of  many  Conifer©  (c  g.  Biota  orien- 
tdit)  assume  a  reddish  colour  at  the  beginning  of  winter. 

A  brief  account  may  be  appended  of  the  structures  peculiar  to  primordial 


Fio.  66,— From  the  upper 
Bide  of  the  calyx  of  TropatO' 
lum  majxu.  The  inner  wall 
of  an  epidermal  cell  with 
the  chromoplastids.  (After 
Straaburger :  x  540.) 
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cells  or  coBDooytes  (p.  94).  The  primordial  reprodactive  oells  of  the  Algie  oontain 
chloroplastids  (except  spermatozoids  of  Characes) :  in  the  higher  plants  these 
cells  do  not  contain  chloroplastids,  bnt  the  oospheres  contain  leucoplastids 
which  become  the  plastids  of  the  embryo  and  from  which  all  the  plastids  of  the 
future  plant  are  eventually  developed.  In  the  Algie,  likewise,  whatever  be  the 
form  of  the  reproductive  cell,  a  portion  of  it  oonsists  of  hyaline  kinoplasm  (p.  95)  ; 
in  tUe  case  of  motile  oells  (zoospores,  zoogonidia,  planogametes,  spermatozoids), 
the  anterior  poi*tion  consists  of  hyaline  colourless  kinoplasm,  whilst  the  thicker 
posterior  portion  consists  of  granular  cytoplasm  containing  the  chloroplastids 
when  present ;  similarly  the  oospheres  of  some  heterogamous  green  Alg»  {e.g. 
(Edogonium,  Vancheria,  CbaraceaB),  have  an  anterior  region  of  hyaline  kino- 
plasm  (commonly  known  as  the  receptive  spot).  In  the  higher  plants  the 
spermatozoids  consist  exclusively  of  kinoplasm.  The  ccenocytio  zoogooidium  of 
Vaucheria  is  peculiar  in  that  it  has  no  limited  kinoplasmic  area,  but  is  entirely 
covered  by  a  layer  of  kinoplasm  (see  Fig.  75). 

Many  of  the  primordial  reproductive  cells  are  motile  (zoospores,  zoogonidia, 
plauogametes,  spermatozoids),  and  move  by  means  of  cilia.  A  cilium  is  a  deli- 
cate filament  of  kinoplasm  which  is  contractile,  and  by  its  oscillations  serves  to 
propel  through  the  water  the  body  to  which  it  belongs.  The  number  of  cilia 
borne  by  these  cells  varies  considerably:  there  may  be  a  single  cilium  {e.p. 
zoospores  of  Botrydium,  and  occasionally  those  of  Hydrodictyon) ;  or  a  pair 
(generally  in  planogametes ;  frequently  in  zoospores  and  zoogonidia ;  less 
commonly  in  spermatozoids,  as  those  of  most  heterogamous  Algee,  of  the 
Bryophyta,  aud  of  Lycopodium  and  Selaginella) ;  or  four  (e.g.  zoogonidia  of 
certain  green  Algae,  Ulothrix,  Cladophora,  Chtetophora,'Ulva) ;  or  many  (e.^. 
all  motile  cells  of  (Edogonium ;  zoogonidia  of  Vaucheria ;  spermatozoids  of 
Filiciuie  and  Equisetins). 

The  position  of  the  cilia  is  determined  mainly  by  the  distribution  of  the 
kinoplasm  :  where,  as  in  the  ccenocytio  zoogonidiam  of  Vaucheria,  there  is  a 
continuous  superficial  layer  of  kinoplasm,  the  cilia  are  developed  over  the  whole 
surface ;  where  the  kinoplasm  forms  the  anterior  end,  the  cilia  are  restricted 
to  this  region-,  when  there  are  many  cilia  {e.g.  (Edogonium),  they  form  a 
circlet  round  the  base  of  the  kinoplasmic  area,  and  in  the  spermatozoids  of  the 
Filicinas  and  Equisetinas,  which  consist  entirely  of  kinoplasm,  the  numerous 
cilia  are  borne  laterally,  generally  near  the  apex,  but  sometimes  (e.g.  Marsilea) 
at  some  distance  behind  it ;  when  there  are  one,  two,  or  four  cilia,  they  are 
either  apical  (motile  cells  of  most  Green  Alga3,  spermatozoids  of  Bryophyra,  and 
of  Lycopodium  and  Selaginella),  or  they  are  borne  laterally  (e.g.  spermatozoids 
of  Volvox  and  Vaucheria,  among  Green  Algie ;  all  motile  reproductive  cells  of 
the  Brown  Algte)  at  the  base  of  the  kinoplasmic  area. 

Another  peculiar  feature  of  some  of  these  motile  primordial  cells,  is  the 
presence  of  an  eye-tpot.  This  is  a  small  corpuscle  of  a  red  colour,  consisting 
apparently  of  a  specialised  mass  of  cytoplasm  permeated  by  colouring-matter ;  h 
turns  dark-blue  on  treatment  with  iodine.  An  eye-spot  is  present  in  the  motile 
cells  of  the  isogamous  Green  Algse,  in  the  zoogonidia  of  (Edogonium,  in  the 
spermatozoids  of  Volvox  and  Eudorina,  and  in  all  motile  cells  of  the  Brown  Algs. 

Yet  another  remarkable  feature  is  the  presence  of  a  contractile  vacitoUt  that 
is,  a  vacuole  in  the  cytoplasm  which  expands  and  contracts  rhythmically.    These 
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ue  to  be  found  generally  in  the  zoospores,  zoogonidla,  and  planogametes  of  the 
Aigs,  as  also  in  those  of  the  oogamoas  Phycomyoetes  and  of  the  Myxomycetes 
among  Fungi. 

These  peculiar  stmctures,  the  hyaline  area,  the  cilia,  and  the  contractile 
Tseuole,  are  not  confined  to  isolated  free-swimming  cells,  but  are  also  character- 
Utie  of  cells  forming  part  of  a  mnltioellolar  motile  body  {€,g,  Yolvocaceoo). 

§  24.  The  Cell-Wall  is  a  non-protoplasmic  membrane  con- 
nsting,  at  least  at  its  first  formation,  of  an  organic  substance 
termed  cellido^e^  of  water,  and  of  a  small  proportion  of  inorganic 
mineral  constituents.  Its  growth,  as  well  as  its  first  formation,  is 
the  result  of  tbe  vital  activity  of  the  protoplasm ;  it  is,  in  fact, 
formed  from  and  bj  the  protoplasm. 

1.  The  Growth  of  the  CelUWall.  The  cell- wall  gi'ows  in  surface 
and  in  thickness. 

a.  The  groicth  in  surface  of  the  cell-wall  may  take  place  in 
either  of  two  ways,  both  of  which  are,  however,  dependent  upon 
pressnre  exerted  from  within  npon  the  wall.  In  the  one  CHse  the 
stretched  wall  grows  continuously  by  means  of  material  supplied 
to  it  by  the  cytoplasm,  the  wall  remaining  nnbroken.  In  the 
other,  the  stretched  wall  is  ruptured  at  certain  parts,  new  portions 
of  cell- wall  being  at  once  intercalated  to  close  the  gap.  The 
former  is  of  more  common  occurrence :  the  latter  has  been  observed 
in  some  Algse,  for  instance,  in  the  growth  of  the  cells  of  CEdo- 
(i:oninro,  and  in  connexion  with  the  apical  growth  and  with 
the  development  of  lateral  members  in  Caulerpa,  Cladophora, 
Bryopsis,  Derbesia,  and  Polysiphonia. 

Growth  in  surface  takes  place  to  such  an  extent  that  the  volume 
of  the  cell  not  infrequently  becomes  a  hundred- fold  greater  than  it 
was  originally.  Thus,  for  instance,  in  a  leaf  still  enclosed  in  a 
leaf-bad,  the  cells  of  which  it  will  consist  when  fully  developed 
are  all  actually  present,  and  it  is  simply  by  their  increase  in  volume 
that  the  leaf  attains  its  full  size. 

In  the  comparatively  rare  oases  in  which  the  superficial  growth 
of  the  cell- wall  is  equal  at  all  points,  the  cell  preserves  its  original 
form:  but  more  commonly  the  cell- wall  grows  more  vigorously 
at  certain  points  than  at  others ;  thus,  for  instance,  a  primarily 
spheroidal  or  cuboidal  cell  may  become  tubular,  cylindrical,  fusi- 
form, stellate,  etc. 

h.  The  growth  in  thickness  of  the  cell- wall  is  effected  by  the 
deposition  of  successive  layers  on  the  internal  surface  of  the  first- 
formed  layer.     The  cell-wall  does  not  usually  bogin  to  thicken 
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Pio.  67.— Ripe  pollen-grain 
of  Cicl^irium,  Intybiu;  theal- 
moet  spherical  surface  of  the 
cell-wall  is  famished  with 
ridge-like  projections  pro- 
longed into  spines,  and  form- 
ing a  network.  (After  Sachs.) 


nntil  after  its  growth  in  surface  has  ceased,  the  cell  having  then 
attained  its  definite   size;  hnt  cases  of  simaltaneons  growth  in 
surface  and  in  thickness  have  been  ob- 
served. 
t^  iHirTh'     ■*      '  '^^^  growth  in  thickness  of  the  cell- 

^S^^fi^r^i^^^fc-  wall  is  also  rarely  uniform;  the  cell-wall 

commonly  becomes  more  thickened  at 
some  points  than  at  others,  and  thus 
acquires  inequalities  of  surface.  In  the 
case  of  isolated  cells  or  of  free  cell- walls, 
the  prominences  existing  in  this  way  on 
the  external  surface  appear  as  warts, 
tubercles,  spines,  etc.  (Fig.  57).  Cells 
that  are  united  to  form  tissues  have  their 
inequalities  on  the  internal  surface  of  the 
cell-wall,  the  prominences  sometimes  having  definite  form,  and 
projecting  into  the  interior  of  the  cell ;  such  are  the  annular 
(Fig.  68  r)  and  spiral  thickening  (Fig.  68  s)  of  the  walls  of  certain 
vessels ;  in  the  so-called  reticulated  cell- walls,  the  thickening  is 
in  bands  which  are  united  into  a  network,  so  that  circular  or 
oval  thin  spaces  are  left.  In  other  cases, 
solitary  and  relatively  small  thin  spaces 
are  left  in  the  wall  in  the  course  of  the 
growth  in  thickness,  which  appear,  when 
seen  on  the  external  surface,  as  bright 
spots,  commonly  called  pitSj  and  are  seen 
in  section  to  be  canals  of  greater  or  less 
length,  according  to  the  relative  thick- 
ness of  the  walls  (Figs.  69,  60).  Very 
frequently  the  pit,  when  seen  from  the 
surface,  presents  the  appearance  of  two 
concentric  circles,  or  ellipses;  for  this 
reason,  that  the  opening  of  the  canal  into 
the  interior  of  the  cell  is  narrow,  whereas 
the  external  opening  is  broad  (Fig.  62  A), 
Such  bordered  pits  occur  in  the  wood-cells 
of  Conifers  (Fig.  63),  in  the  walls  of 
many  vessels  (Fig.  62),  and  elsewhere. 
The  scalarifonn  thickening  of  the  walls  of 
many  vessels  arises  from  the  regular  and  close  arrangement  of 
bordered  pits  which  are  much  elongated  transversely. 


Fio.  68.— r  Annular,  •  spiral 
thickening  of  the  walls  of  ves- 
sels ;  r  seen  from  outside,  •  in 
longitudinal  section  highly 
magnified  (diagrammatic). 
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The  Structure  of  the  GelUtcall.     When  the  cell- wall   is  at  all 
thickened  it  presents  indications  of  structure. 

It  presents,  in  the  first  place,  a 
layered  appearance  when  examined  in 
longitudinal  or  transverse  action  (Fig. 
60).  This  layering  or  stratification  of 
the  cell- wall  is  readily  intelligible  when 


<X-h 


F!«.M.-A  cell  with 
P«a«d  wallg,  from  the 
vood  of  the  Elder  (Sam- 
bseos).  A  langitadixiAl 
■ectioaihovring  the  pits 
ia  the  lateral  valU  as 
ehaimeU,  a ;  and  in  the 
fvtber  wall  aa  roundish 


Fig.  60.— Tmnsverse  sec- 
tion of  a  bast^sell  fron>  the 
root  of  DoUia  variahQia  ( x 
800) ;  I  theoell^Avity.  JT  Pit- 
canals  which  penetrate  the 
stratification ;  tp  a  crack  by 
which  an  inner  syBtem  of 
layers  has  become  separa- 
ted. (After  Sachs.) 


" Rv^ 


Fig.  61.— Cells  from  the  endo- 
sperm of  Omithogalum  umbclla- 
tum  showing  simple  pits  : 
m  pits  seen  in  sarfaoe  view ;  p 
closing  membrane  seen  in  Ion- 
gitadloal  section;  n  nucleus. 
(  X  210 :  after  Strasbnrger.) 


it  is  remembered  that  the  thickening  of  the  wall  is  due  to  the 
deposition  of  successive  layers  from  within. 

It  preseDts,  secondly,  a  delicate 
ttriatiofij  when  examined  in  sur-  .    5 

face-riew,  the  lines  running  at  a 


Pie.  63.— Oral  bordered  pits  in  the 
wall  of  a  Teasel  of  Helianthus.  A  In 
loogitadinal  section,  fi  As  seen  from 
the  surface;  t  the  pit;  h  the  pit-cbam1>er 
(xflOOX 


Fio.  63.— Circular  bordered  pite  on 
the  wood-cells  of  the  Pine.  A  Seen  from 
the  surface.  B  In  section ;  •  the  closing 
membrane ;  m  the  middle  lamella.  C  An 
earlier  stage,  in  section.  ( x  500,  diagram.) 
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larger  or  smaller  angle  to  the  long  axis  of  the  cell,  sometimes  even 
transversely.  The  planes  of  striation  are  commonly  different  in 
the  different  layers  constitnting  the  thickness  of  the  wall,  and  these 
seem  in  the  surf  ace- view  to  cross  each  other  (Fig.  64).  The  caase 
of  striation  appears  to  be  this,  that  when  a  considerable  area  of 
cell- wall  has  to  be  formed,  it  is  deposited  by  the  protoplasm  not  as 
one  continnons  sheet,  but  in  the  form  of  delicate  spii*ally-wonnd 
bands  with  their  edges  in  contact.  The  lines  of  the  striation  are 
the  planes  of  contact  of  the  edges  of  these  spiral  bands.  A  well- 
marked  illustration  of  the  spiral  mode  of  deposition  of  cell- wall 

by  protoplasm  is  afforded 
by  the  spiral  vessels  already 
mentioned  (Fig.  58  «). 

3.  2%€  Chemical  Composi- 
tion of  the  Cell-wall.  As  a 
rule,  the  organic  constituent 
of  the  newly  formed  cell- 
wall  is  cellulose  (CgHioOj), 
a  carbohydrate,  the  charac- 
teristic rea<3tion  of  which, 
is  that  it  turns  blue  when 
treated  with  sulphuric  acid 
and  iodine,  or  with  a  mix- 
ture of  iodine,  iodide  of 
potassium,  and  chloride  of 
zinc  (chlor-zinc-iod). 

It  is,  however,  commonly 
the  case  that  when  a  cell- 
wall  has  undergone  thickening,  some  at  least  of  its  constituent 
layers  do  not  consist  of  cellulose.  The  chemical  changes  which 
are  presented  by  cell- walls  may  be  distinguished  as  follows: — 

a.  The  eel  I- wall  may  undergo  cuticularisation  :  e.g.  walls  of 
epidermal  cells,  of  cork-cells,  of  spores.  The  cuticularised  or 
corky  cell-wall,  contains  a  substance  termed  cutin.  It  is  but 
slightly  permeable  to  water ;  it  is  extensible  and  highly  elastic  ; 
it  turns  yellow  when  treated  with  sulphuric  acid  and  iodine, 
or  with  iodised  chloride  of  zinc.  The  cuticularisation  of  the 
cell- wall  is  most  marked  in  the  external  layers;  in  fact  the 
external  layer  consists  entirely  of  cutin,  whilst  the  internal  layers 
(of  which  they  may  be  several,  as  the  cuticularised  wall  is  often 
much  thickened)  consist  more  and  more  largely  of  cellulose,  the 


Fie.  6 K— Surface  view  of  the  wall  of  a  cell, 
showing  striation,  from  the  pith  of  Dahlia  varto- 
hilu.    (X  240:  after  Strasburger.) 
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innermost  layer  consisting  fi*eqnentlj  of  pare  cellalose,  though  it 
is  sometimes  more  or  less  lignified  ((fork).  This  can  be  shown  by 
treating  the  caticularised  tissue  with  strong  chromic  acid  for 
some  time,  or  by  warming  it  in  a  mixture  of  nitric  acid  and 
chlorate  of  potash,  when  the  cutin  is  removed,  and  the  remaining 
tissne  gires  the  chaitu;teristic  eel  la  lose- reactions. 

p.  The  cell- wall  may  undergo  lignificatian ;  that  is,  the  cell- wall 
becomes  impregnated  with  a  substance  termed  ligniny  which 
makes  it  hard  and  elastic,  and  though  readily  permeable  to  water 
it  cannot  absorb  or  retain  much  in  its  substance.  The  character- 
istic tests  for  lignin  are,  that  a  cell- wall  containing  it  (a)  turns 
yellow  when  treated  with  aniline  chloride  and  hydrochloric  acid, 
and  (b)  turns  pink  when  treated  with  phloroglucin  and  hydro- 
chloric acid.  When  a  lignified  cell-wall  is  macerated  in  a  mixture 
of  nitric  acid  and  chlorate  of  potash,  or  in  a  strong  solution  oi 
cbromic  acid,  the  lignin  is  dissolved  out  and  the  wall  ceases  to 
to^ive  the  lignin-reactions,  and. now  gives  the  cellulose-reactions. 
LigniScation  takes  place  in  the  sclerenchymatous  and  tracheal 
ti»aae9,  less  commonly  in  the  parenchymatous  tissue,  of  the 
sporophyte  of  the  Pfceridophyta  (Vascular  Cryptogams)  and 
Phanerogams ;  it  does  not  occur  in  any  of  the  lower  plants,  nor 
in  any  gametophy  te. 

y.  The  cell-wall  may  become  more  or  less  mucilaginotu ;  in  its 
dry  state  it  is  then  hard  and  horny  ;  when  moistened,  it  absorbs 
a  Urge  quantity  of  water,  becoming  greatly  increased  in  bulk  and 
gelatinous  in  consistence;  it  usually  turns  blue  when  treated 
with  sulphuric  acid  and  iodine,  or  with  iodised  chloride  of  zinc, 
bat  in  some  cases  it  does  not  give  this  reaction,  and  in  yet  others 
{f.g.  asci  of  Lichens,  bast  of  Lycopodium,  endosperm  of  Peony,  and 
cotyledons  of  various  leguminous  seeds)  it  turns  blue  with  iodine 
alone.  Mucilaginous  cell-walls  are  common  in  the  coat«  of  seeds 
{f.g.  Flax  or  Linseed,  Qaince)  ;  they  are  very  remarkable  in  the 
case  of  the  macros  pores  of  Pilularia  and  Marsilia ;  in  tissues,  they 
are  well  seen  in  the  Malvacesd  :  they  occur  in  all  sub-divisions  of 
the  vegetable  kingdom. 

In  some  cases  the  change  goes  so  far  as  to  result  in  the  con- 
version of  the  cell- wall  into  gum,  sol  able  in  water,  as  in  some 
species  of  Astragalus  and  in  certain  Eosaceous  trees  (Cheiry, 
Plum,  Almond,  Peach,  etc.) 

These  modifications  may  occur  either  singly  or  together  in 
the  different  layers  of  one  cell- wall,  as   in   corky,  or  suberised 
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cell- walls,  where  catiealarisation  and  lignification   occur   simul- 
taneouslj. 

8.  Mineral  matters  are  also  frequently  deposited  during  growth 
in  considerable  quantity  in  the  cell-wall,  particularly  salts  of  lime 
and  silica ;  they  are  usually  intercalated  between  the  solid  organic 
particles  of  the  cell- wall,  so  that  they  cannot  be  directly  detected, 
but  remain,  after  burning,  as  a  skeleton  which  retains  the  form  of 
the  cell.  Silica  is  present  in  the  stems  of  Grasses  and  of  Bqui- 
setace89.  Calcium  oxalate  sometimes  occurs  in  a  crystalline  form 
(Fig.  65.)  Calcium  carbonate  is  also  frequently  deposited  in  cell- 
walls,  as  in  certain  Algae,  {e.g,  Acetabularia,  Corallina,  Jania,  etc.) ; 
also  in  haii-s  of  some  of  the  higher  plants  {e.g.  many  Boraginaceaa)  ; 
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Pio.  65.— Crystals  of 
calciam  oxalate  in  the 
wall  of  the  bast-oella  of 
C«phalofcueu«  Forivnei. 
(x  600 :  aOer  Soltns.) 


Fio.  66.— A  cystolith  from  the  leaf  of  C«ll« 
Tala(x  200).  A.  Normal  condition ;  c  cyMo- 
11th  ;  «  epidermnl  layer;  p  palisade-tissae* 
B  The  cvBtolith  after  treatment  with  hydro- 
chloric acid  which  has  dissolved  the  calcium 
carbonate,  leaving  the  stratified  cellulose 
basis. 


but  most  peculiarly  in  the  cystoliths  present  in  the  epidermal  cells 
of  the  leaves  of  the  Urticaceae  and  Acanthaceae :  it  may  occur 
either  as  granules  or  as  crystals. 

A  cystolith  (Fig.  66  A)  consists  of  a  basis  of  oellnlose  incrusted  with  calciam 
carbonate.  On  treating  a  section,  containing  a  cystolith,  with  acid,  the 
calcium  carbonate  is  dissolved  with  evolution  of  babbles  of  CO),  leaving  the 
cellulose  basis  (D)  wh'ch  presents  both  striation  and  stratification.  The 
cellulose  basis  is,  in  fact,  a  local  thickening  of  the  cell-wall. 

§  25.  Cell-Contents.  The  following  are  the  principle  cell- 
contents  which  are  not  protoplasmic  and  are,  in  fact,  not  living : 
they  are  moreover  not  universally  present  in  cells,  but  are  con- 
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fined  to  special  cells,  and  frequently  to  special  plants:  starch- 
grains  ;  fats ;  proteLd  grains  and  crystalloids ;  mineral  crystals ; 
the  cell-sap,  and  the  sabstances  dissolved  in  it. 

a.  Stiirch- grains  are  small  solid  granules  of  varioas  shape — 
roanded,  oval,  lenticular,  etc. — consisting  of  starch  with  a  certain 
amount  of  water  and  a  small  proportion  of  incombustible  ash. 
Thej  are  specially  abundant  in  those  parts  of  plants  which  serve 
as  depositories  of  reserve-materials,  e.g.  rhizomes  and  roots  of 
perennial  plants  during  the  winter,  tnbers  of  the  potato,  seeds 
sach  as  those  of  the  cereal  and  leguminous  plants.  They  can  be 
extracted  by  macerbtion  from  the  organs  in  which  they  occur,  and 
then  appear  as  a  white  powder  which  is  known  as  starch.  Starch 
is  a  carbohydrate ;  its  percentage  composition  is  the  same  as  that 
of  cellulose,  and  may  be  represented  as  CgHioOs,  but  its  molecule 
is  smaller  and  less  complex.  It  is  readily  detected  by  the  cha- 
racteristic blue  colour  which  it  assumes  on  treatment  with  an 
aqaeous  solution  of  iodine.  When  boiled  with  water,  or  when 
treated  with'  potash,  the  grains  swell  enormously  and  form  a 
paste. 

The  substance  of  the  starch-grain  is  always  stratified,  being, 
disposed  in  layers  round  an  organic  centre,  the  hilum ;  this  stra- 
tification, as  also  in  the  case  of  cell-walls,  is  the  result  of  the 
deposition  of  successive  layers  one  on  the  other.  The  hilum  is 
the  most  watery  portion  of  the  gi*ain,  whilst  the  external  layer 
is  the  most  dense. 

It  is,  as  already  mentioned  (p.  98),  the  general  rule  that  starch- 
grains  are  produced  by  means  of  plastids ;  in  parts  of  plants  ex- 
posed to  light,  by  chloro plastids  ;  in  parts  of  plants  not  exposed 
to  light,  by  leucoplastids.  In  the  former  case  the- grains  are 
Qsaally  formed  in  the  interior  of  the  plastid  (see  Fig.  52) ;  in  the 
latter  case,  on  its  surface.  In  both  cases  the  mode  of  develop- 
ment is  the  same ;  a  small  rounded  mass,  the  hilu)n^  which  is  the 
organic  centre  of  the  grain,  is  first  formed,  and  then  the  starchy 
matter  is  deposited  upon  this  in  successive  layers  by  the  activity 
of  the  plastid.  If  all  parts  of  the  primitive  starch-grain  are 
eqoally  within  reach  of  the  plastid,  and  if  then  the  deposition 
of  new  layers  is  equally  active  all  over  the  circumference,  the 
grain  maintains  its  rounded  form,  the  hilum  is  its  geometric  as 
well  as  its  organic  centre,  and  the  layers  are  concentric.  This, 
from  the  nature  of  the  case,  most  commonly  occurs  when  the 
grains  are  formed  in  the  interior  of  the  plastids.     Very  commonly. 


110 


PAET  II. —THE  INTIMATB   STBUCTOBE   OF    PLANTS. 


[§25. 


however,  the  plastid  remains  in  contact  with  but  one  end  of  t^ie 
developing  grain ;  hence  the  deposited  layers  are  thicker  and  more 
nnmerons  on  the  end  of  the  grain  next  the  plastid,  and  the  layers 
become  excentric  (Fig.  67  A)  ;  the  hilam  thus  necessarily  becomes 
removed  farther  and  farther  away  from  the  plastid. 

It  not  nncommonly  happens  that  compound  starch-grains  are  to 
be  found.     Spuriously  compound  grains  are  simply  grains  which 

have  become  adherent  in  con- 
sequence of  mntaal  pressure ; 
they  occur  frequently  in  the 
interior  of  the  plastids  (see 
Fig.  52).  The  truly  com^ 
pound  graim  (Fig.  67  B — E) 
lire  formed  in  this  way, 
that,  one  plastid  produces 
simultaneonsly  two  or  more 
rudimentary  starch-grains ; 
as  these  increase  in  size,  they 
eventually  come  into  con- 
tact; the  further  deposition 
of  starchy  layers  mast  ne- 
cessarily be  of  such  a  kind 
that  they  surround,  not  each 
individual  grain,  but  the  ag- 
gL^egate  of  adjacent  grains ; 
the  young  grains  thus  become 
bo  and  together  by  investing 
layers,  and  a  grain  is  pro- 
duced which  has  apparently 
a  nnmber  of  hi  la. 

The  form  of  the  starch- 
grains  is  characteristic  in  the 
different  plants  in  which 
they  occur;  thus  those  of  the  Potato  (Fig.  67)  are  excentrically 
oval;  those  of  leguminous  plants  (Fig.  69),  concentrically  oval; 
those  of  Rye,  Wheat,  and  Barley,  lenticular  (Fig.  70). 

The  distribution  of  starch  throughout  the  difFerent  classes  of 
plants  is  a  matter  of  considerable  interest.  Generally  speaking, 
it  is  confined  to  plants  which  possess  chloroplastids,  though  a  sub- 
stance turning  blue  with  iodine  has  been  found  to  occur,  diffused 
throughoat  the  protoplasm,  in  certain  Schizomycetes  {Clostridium 


Fxe.  67.— Bxoentric  starcb-graint  from  the 
taber  of  a  Potato  ( x  800).  A  A  fully  developed 
simple  grain.  B^E  Compound  grains;  a  b 
young  simple  grains;  e  young  compound  grain. 
(After  Sachs.) 
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butyrtcunij  Sarcina  ventrtculi,  Bdctertum  pastonanum) .  Bat,  on 
the  other  hand,  it  is  not  always  present  in  plants  which  possess 
typical  chloroplastids ;  thus,  it  is  absent,  for  instance,  from  the 
Onion,  species  of  Vaucheria,  etc.  In  the  case  of  plants  which 
have  other  colouring-matters  besides  chlorophyll,  starch  may  be 
altogether  absent  (Cyanophyceoe,  DiatomaceaB) ;  or  it  may  be 
replaced  by  some  other  substance  (most  PhceophyceaB  and  Rhode- 
phjceae).  In  these  Phseophyceoe  and  Rhodophyceee  there  occur 
9mall  colourless  granules  distributed  in  the  cytoplasm,  consisting 
of  a  somewhat  mucilaginous  substance  termed  paramylorij  which, 


Fift.  6S.— €«11t  from  the  endosperm 
(4  RicMu* eommunia  ( x  800).  A  Fresh, 
ii  thick  gljcerine ;  B  in  dilate  gly- 
cerifie ;  C  warmed  in  glycerine ;  1)  after 
tnttmeDt  wiOi  alcohol  and  iodine ;  the 
frtiu  hare  heea  destroyed  by  sal« 
pfaorie  acid,  the  cytoplasm  remaining 
bcbindaia  net* work.  In  the  gimius 
tbe  globoid  may  be  recognised,  and  in 
BC tbeerysUUoid.   (After  Bachs.) 


Fio.  09.— Cells  of  a  very  thin  section  throngh 
a  cotyledon  of  the  embryo  in  a  ripe  seed  of 
Pimtm  tatitum  ;  the  large  concentrically  strati* 
fled  grains  8t  are  stai'ch-grains  (out  throngh) ; 
the  small  granules  a  are  alearon,  consisting  of 
proteids;  i  the  intercellular  spaces.  (After 
Sachs.) 


whilst  it  does  not  usually  give  the  characteristic  reaction  of 
Btarch,  is  probably  allied  to  it  chemically.  A  further  peculiarity 
of  these  plants  is  that  these  granules  seem  not  to  be  formed  inside 
the  cbromatophores,  but  in  the  contiguous  cytoplasm. 

j5.  Fats  occur  very  commonly  in  the  cells  of  plants  as  oily  drops 
scattered  throughout  the  cytoplasm.  They  are  more  particularly 
abandant  in  seeds,  in  many  of  which  oil  is  the  form  in  which  the 
non-nitrogenous  reserve  material  is  deposited  (e.g.  Palm,  Castor- 
Oil  plant.  Rape,  Flax,,  etc.)  ;  it  is  also  present  in  some  fruits  (e.g. 
Olive). 


112 


PART   II. — THE   INTIMATE   8TBUCTUBG  OF  PLAKTS. 


[§25. 


y.  Froteid  Grains^  or  Aleuron,  are  granules  of  various  sizes,  oval 
or  spherical  in  form,  which  occur  in  seeds,  and  are  of  physiological 
importance  in  that  they  are  the  source  from  which  the  embryo  is 
supplied  with  nitrogenous  food  when  the  seed  germinates.  They 
consist  of  a  mixture  of  proteid  substances  belonging  to  the  globu- 
lins and  the  albumoses.  They  present  no  indications  of  structure, 
and  are  much  larger  in  oily  than  in  starchy  seeds. 

The  proteid  grain  generally  contains  a  mass  of  mineral  matter. 
Most  commonly  this  is  a  rounded  body,  the  globoid  (Fig.  68),  con- 
sisting of  double  phosphate  of  lime  and  magnesia ;  less  frequently 

there  is  a  crystal,  or  a 


of 


nam 


Fio.  70.— Part  of  a  ■ection  of  a  grain  of  wheat 
Triticwm  vul^are  :  p  pericarp ;  t  eeed-coat  or  testa ; 
internal  to  which  are  oella  belonging  to  the  endo- 
sperm ;  the  external  layer  contains  small  proteid* 
grains  (ul)  but  no  starch,  the  more  internal  cells  con- 
tain  starch-grains  am ;  n  the  nudeas.  (After  Stras- 
bnrger :  x  240.) 


cluster    of    crystals, 
calcium  oxalate. 

In  the  large  grains  of 
oily  seeds  it  is  frequently 
the  case  that  a  portion 
of  the  proteid  (globulin) 
of  the  grain  crystal- 
lises out,  constituting 
the  crystalloid ;  there  are 
occasionally  two  or  more 
crystalloids  in  the  grain 
(Fig.  68). 

The  grains  are  secreted 
in  vacuoles  of  the  cyto- 
plasm which,  when  the 
grains  have  been  dis- 
solved out,  remains  as  a 
network  (Fig.  68  D). 


Proteid  crystalloids  ai'e  also  occasionally  found,  independently  of  aleoron,  in 
the  cells  of  plants,  {e.g,  tuber  of  the  Potato ;  epidermal  cells  of  leaf  of  Poly- 
podium  irroides  ;  some  Rhodopbycese). 

The  crystalloids  (whether  free  or  in  proteid  grains)  differ  from  ordinary 
mineral  crystals  in  that,  when  treated  with  various  reagents,  they  absorb  liqni«l 
and  swell  up.  They  are  for  the  most  part  cubical,  tetrahedral,  or  rhomboidal 
in  form. 


8.  Mineral  Crystals  are  frequently  found  in  the  cells  of  plants. 
They  sometimes  consist,  but  in  comparatively  few  cases,  of  calcium 
carbonate ;  for  example,  the  crystals  in  the  protoplasm  of  Myxo- 
mycetes,  and  the  crystalline  masses  occurring  in  the  cells  of  the 
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Fx».  71.-</f78ial0  of  calcium  oxalate  In  the  cells  of  the 
petiole  of  a  Begonia  ( x  200).    k  SoUtnry  crystals ;  dr  cloeter. 


pericarp  and  testa  of  some  plants  (e.g.  Celtis  australis^  Lithospermum 
ofidnale,  Cerinthe  glabra). 

In  all  other  cases  the  crystals  consist  of  calcinm  oxalate,  which 
crjgtallises  in  two  systems  according  to  the  proportion  of  water 
which  it  contains; 
to  the  ODe  system, 
the  quadratic,  be- 
long the  octahedra 
(Fig.  71  A) ;  to  the 
other,  the  clino- 
rhombic,  belong 
the  acicnlar  crys- 
tals, distinguished 
u  raphides,  which 
occur  in  bnndles 
in  the  cells  of  Mo- 
Docotyledons  more 
e8pedally(Fig.72), 
and  are  generally 
associated  with,  mn- 
cilage  in  the  cell. 

It  sometimes  happens  that  the  crystal,  or  group  of  crystals,  be- 
comes surrounded  by  a  layer  of  cellulose  attached  to  the  wall  at 
one  or  more  points  (e.g.  leaf  of  Ottrus  vtdtjaru^  pith  of  Keriia 
jopomca). 

c.  The  Cell'Sap  saturates  the  cell- wall,  the  protoplasm,  in  fact 
the  whole    oigan- 

A^ 1 


wed  stracture  of 
the  cell;  it  also 
fills  the  yacaole, 
when  present,  in 
the  cytoplasm.  It 
iH  a  watery  solution 
oi  the  most  various 
snbstances.  In  all 
cases  is  holds  salts 
in  solution,  con- 
sisting mainly  of  alkaline  bases  in  combination  either  with  inor- 
ganic acids,  such  as  nitric,  phosphoric,  and  sulphuric  acid,  or  with 
organic  acids,  such  as  malic  (e.g.  apple  and  other  fruits),  citric 
(lemon,  etc.),  and  others.     It  frequently  contains   tannin,  and 

T.8.B.  I 


Fie.  72.— Bftpbidea  (k)  in  a  cell  of  a  bolb-scale  of  Ur^inta 
marUima  (x200). 
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nitrogenous  snbstances  snch  as  asparagin.  It  veiy  commonly  is 
rich  in  sugrar  ;  either  grape-sugar  (C^HijO^),  as  in  the  grape  and 
other  frnits,  and  in  fact  most  parts  of  plants  at  particular  times ; 
or  cane-sugar  (C12H23O11)  as  in  the  Sugar-cane,  the  Maple,  and  the 
Beetroot.  In  some  plants  {e.g,  Jerusalem  Artichoke,  Dahlia,  Globe 
Artichoke)  the  cell-sap  is  rich  in  inulin,  a  substance  having  the 
same  percentage  composition  as  starch  (represented  bj  formnla 
C0H2OO5)  :  when  a  portion  of  tissue,  of  one  of  these  plants,  such  as 
a  piece  of  the  tuberous  root  of  the  Dahlia,  is  kept  in  spirit.,  the 

inulin  slowly  precipitates  in 
the  form  of  sphaerocrystals 
(Fig.  73)  adhering  to  the  walls. 
The  cell- sap  also  very  fre- 
quently holds  colouring-mat- 
ters in  solution ;  for  instance, 
the  colouring-matters  of  most 
red  and  blue  flowers  (erythro- 
phjU  and  anthocyanin) ;  of 
many  fruits,  such  as  the 
Cherry  and  Elderberry;  of 
"  copper  leaves,"  such  as  those 
of  Copper  Beech  and  Hazel, 
and  of  the  Beet- root. 

§  26.  Cell-Formation. 
The  formation  of  a  cell  is  ne- 
.  cessarily    dependent    upon    a 

7  I  pre-existing  cell ;    the    direct 

Y  *  development  of  a  cell  from  the 

necessary  chemical  substances 
— that  is,  spontaneous  genera- 
tion— has  not  yet  been  ob- 
served. Moreover,  it  can  only 
take  place  when  the  protoplasm  concerned  is  in  the  embryonic  con- 
dition ;  as,  for  instance,  in  growing-points,  germinating  spores,  etc. 
Cell-formation  consists  essentially  in  the  reorganisation  of  the 
protoplasmic  unit  (enorgid,  p.  90)  or  units  in  which  it  occurs ;  it 
may  take  place  about  one  centre,  or,  more  frequently,  about  two  or 
more  centres,  with  consequent  multiplication  of  cells.  Hence,  cell- 
formation  does  not  necessarily  involve  a  multiplication  of  cells, 
still  less  a  formation  of  cell-walls  \  it  necessarily  involves  the 
formation  of  a  nevo  cell. 


Fig.  %.— BphaBrocrystals  of  inolin  in  the 
tissue  of  the  tuberoas  root  of  VahliA  voriabHU 
after  prolonged  action  of  aloohoU  (After 
Btrabborger :  x  840.) 
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The  following  two  modes  o£  cell-formation  may  be  distin- 
gniBhed : — 

1.  Cell- formation  without  division  of  the  cytoplasm. 

2.  Cell-formation  with  division  of  the  cytoplasm. 

1.  Cell'formaiton  without  division.  This  process  does  not  lead  to 
the  multiplication  of  cells,  bat  merely  to  the  development  of  a  new 
cell.  Two  cases  are  distinguishable  :  (a)  that  in  which  the  new 
cell  is  formed  from  a  single  cell,  that  is,  direct  cell-formation ;  (6) 
that  in  which  the  new  cell  is  formed  by  the  fusion  of  the  cyto- 
plasm of  two  cells,  that  is,  cell-formation  by  conjugation. 

(a)  In  eUred  ceU-formuition  without  division,  the  cytoplasm 
simply  undergoes  reorganisation  and  enters  upon  a  new  individa* 
alitj.  It  is  confined  to  the  development 
of  reproductive  cells  ;  such  as  zoogonidia 
and  spores,  the  spermatozoids  of  the 
higher  Cryptogams,  and  oospheres  in 
many  cases.  This  particular  case  of  cell- 
formation  is  sometimes  termed  rejuven- 
ttetnct. 


A  good  illQatration  of  this  is  afforded  by  the 
development  of  the  zoogonidium  of  (Edogoninm. 
The  cjtopUumic  contents  of  an  ordinary  cell  of 
Um  filament  become  more  abundant ;  the  kioo- 
plaan  (see  p.  95),  with  the  nucleus  and  oentro- 
sphere,  travels  to  one  side  of  the  cytoplasm,  ap- 
peuiag  at  the  surface  as  a  hyaline,  colourless 
■Rs;  th«  cytoplasm  bofiins  to  contract  away 
from  the  wall  (Fig.  74^1,  lower  cell),  and  secretes 
i  delieste  eell-wall  of  its  own ;  the  cilia  are  de- 
veloped in  a  circlet  from  the  margin  of  the  kino- 
pUsmie  area.  The  cell-wall  is  ruptared  (as  at  Z), 
and  the  soogonidium,  lying  loosely  in  its  own 
proper  cell-wall,  as  in  a  vesicle,  is  extruded  into 
the  vater.  It  now  begins  to  move  inside  the 
▼ende  by  the  action  of  its  cilia ;  the  vesicle  becomes  disorganised,  and  the 
loogoBidinm  is  set  free.  It  swims  by  means  of  its  cilia  (Fig.  74  B)  with  the 
eolonrless  end  in  front ;  so  that  what  was  tbe  transverse  axis  of  the  mother-cell 
I'U  now  become  the  longitudinal  axis  of  the  zoogonidium,  an  indication  of  the 
complete  reorganisation  which  has  tnken  place.  After  a  short  period  of  move- 
meDt,  the  loogonidinm  comes  to  rest,  attaches  itself  to  some  solid  body  by  its 
kytline  end,  withdraws  its  cilia,  and  secretes  a  cell-wall  (Fig.  74  C). 

Tbe  plants  in  which  there  are  highly  differentiated  spermatozoids,  each  de- 
nloped  singly  in  a  mother-cell,  are  the  CharacesB  (Algie),  the  Bryopbyta,  and 
the  Pteridophjta.   In  all  these  plants  the  development  of  the  spermatozoid  pro- 


Fis.  7i.— BeJaTenesoence  as 
exhibited  in  tbe  formation  of 
tbe  loogoaidiam  of  CEdogoniom. 
A  portion  of  a  filament ;  in  the 
lower  cell  tbe  piotoplasm  is  be- 
ginning to  contract,  in  the  npper 
the  yonng  soogonidium  in  escap- 
ing <Z).  B  a  loogonidiam.  0 
the  lieginning  of  germination. 
(X  360). 


116 


PART  II. — THB  INTIMATE  STBdCTVBB  Or  PLAKT8. 


[§26. 


eeedfl  in  essentially  the  same  manner  as  that  of  the  zoogonidinm  described 
above.  In  the  Characeaa,  where  the  spermatozoid  still  retains  some  zoogonidial 
cliaracteiB,  the  hyaline  pointed  anterior  portion,  bearing  a  pair  of  cilia,  is  de- 
veloped from  the  kinoplasm  ;  the  thick  posterior  portion,  which  is  highly  granu- 
lar, is  developed  from  the  nutritive  hyaloplasm  of  the  cell ;  the  nucleus  lies 
ceutrslly  at  the  junction  of  the  two  portions.  In  the  Bryophyta  and  in  the 
Pteridophyta  the  spermatozoid  consists  simply  of  kinoplasm  with  a  nucleus ;  it 
contains  no  nutritive  cyto-hyaloplasm,  and  so  differs  essentially  from  a  zoogou- 
idium.  In  these  two  groups  of  plauts  the  mature  spermatozoid  consists  of  an 
anterior  kinoplasmic  pottion  bearing  the  cilia,  and  a  posterior  portion  consistiog 

of  the  elongated  and 
-curved  nucleus  invested  by 
a  thin  layer  of  kinoplasm. 
In  the  Pteridophyta  the 
posterior  nuc'ear  portioa 
of  the  spermatozoid  more 
or  less  completely  sur- 
rounds a  mass  of  nutritive 
cyto-hyaloplasm  which  re- 
mains attached  to  the 
ppermatozoid  in  the  form 
of  a  vesicle  for  a  short 
time  after  extrusion  from 
the  antheridium,  becoming 
eventually  disorganised. 

The  non-motile  male 
cell  {spermatium)  of  the 
Red  Algae  is  developed 
singly  in  a  mother-cell, 
and  appears  to  consist 
merely  of  a  small  mass  of 
kinoplasm  with  a  nucleus. 
Oospheres  are,  as  a  rale, 
developed  singly  in  the 
female  organ,  though 
there  are  some  exceptions 
(see  p.  82) :  their  develop- 
ment has  not  yet  been  so 
minutely  studied  as  has 
thit  of  zoogonidia  and  spermatozoids.  In  the  simplest  case,  as  in  the 
oogonium  of  (Edogoninm,  the  cytoplasmic  contents  of  the  oogonium  con- 
tract away  from  the  cell-wall  and  roimd  themselves  into  a  spherical  form  ; 
at  one  side  a  colourless  hyaline  area  is  differentiated,  the  receptive  spot^  the 
rest  of  the  oosphere  containiog  chloroplastids,  etc.  This  hyaline  receptive 
spot  corresponds  to  that  in  the  zoogonidium  of  the  same  plant,  as  also  to  the 
hyaline  anterior  portion  of  the  spermatozoids  already  described  ;  it  is  doubtless 
developed  in  the  same  way,  and  consists  of  kinoplasm.  At  this  stage  the 
oogonium  opens  by  the  rupture  of  the  cell-wall,  and  a  portion  of  the  hyaline 


Fie.  75.— Development  of  the  coBnocytic  zoog^Bidinm  of 
Vaucheria  teMilis.  A-K  Stages  in  the  development  of 
the  zoogonidiam  within  the  gonidangium  ( x  95) ;  Fa 
free  zoogonidium  (x  206)  ;  O  a  portion  of  F  more  highly 
magnified  (x  450)  showing  the  hyaline  snperflcial  layer 
bearing  the  pairs  of  cilia,  with  a  nucleus  opposite  the 
point  of  origin  of  each  pair.    (After  Btrasbnrger.) 
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rabstanoe  (prenimabljr  kinoplasm)  of  the  receptive  spot  is  ejected  into  the 
wtter;  the  oosphere  is  now  ready  for  fertiLiflation.  In  the  arohegoniam  of 
Brjopbyta,  Pteridophyta,  and  most  GjrmnoBperms,  the  *'  central  cell  '*  under- 
goes diviidon  into  two ;  a  smaller  cell,  the  ventral  eanal^ell,  next  the  neck  of 
the  archegoniam ;  and  a  larger  lower  cell  which  rounds  itself  off  and  con- 
stitates  the  oosphere. 

This  process  of  cell-formation  is-  closely  followed  in  some  ooenocjtic  plants. 
Thus  the  zoogonidia.of  Yaaoheria  are  developed  in  essentially  the  same  manner 
M  those  of  CEdogoninm,  the  differences  being  those  which  are  necessarily  in- 
Tolved  by  the  fact  that  the  one  is  developed  from  a  cell,  and  the  other  from  a 
Msnoeyte.  In  Yancheria,  the  many  nuclei  travel,  with  the  kinoplasm,  to  the 
periphery  of  the  developing  zoogonidium ;  the  kinoplasm,  instead  of  a  lin*ited 
sxea  as  in  (Edogonium,  forms  a  layer  over  the  whole  surface  in  which  lie  the 
namerous  nuclei,  and  from  which  many  pairs  of  cilia  are  developed,  a  pair 
oppofite  each  nucleus  (Fig.  75). 

The  development  of  the  oosphere- in  Yancheria  resembles  in  its  main  features 
that  described  for  (Edogonium  ;  but  here  the  mass  of  protoplasm  encloses  many 
nnelei  at  first,  though  it  appears  that  there  is  but  one  nucleus  in  the  mature 
oosphere,  which  has  awell-defined  receptive  spot.  In  Peronospora  likewise,, 
where  it  is  formed  from  a  part  only  of  the  protoplasm,  the  single  oosphere  con- 
tains, at  first,  many  nuclei,  but  only  one  when  mature.  The  reduction  in  the 
r  of  the  nuclei  in  these  coses  appears  to  be  brought  about  by  fusion. 


In  the  foregoing  cases  of  cell-formation  witH  the  development 
of  a  single  new  cell,  the  cell  formed  is  a  primordial  cell  destitute 
of  a  cell-wall,  at  least,  for  a  time.  In  other  cases  the  cells  snr- 
round  themselves  at  an  early  stage  with  a  proper  wall  of  their 
own :  this  takes  place  in  connection  with  the  development  of  the 
spores  in  the  Bryophyta,  Pfceridophjta,  and  Phanerogamsv 

In  illustration  of  this  mode  of  cell-formation,  a  brief  general  account  af  the 
dcTdopment  of  spores  in  the  higher  plants  may  be  given.  The  mother-cellii  of 
Uu  spores  undergo  division  in  a  manner  described  under  the  head  of  cell-divi- 
■ioQ  (p.  125),  to  as  to  give  rise  to  four  special  moiher-ceUs,.  lying  either  all  in  one 
pUoe  (e,g,,  some  Pteridophyta,  Monocotyledons),  or  arranged  tetrahedrally  in  a 
pyramid  (some  Bryophyta  and  Pteridophyta,  most  Gymnosperms,  Dicotyledons), 
la  each  of  these  special  mother-cells  a  single  spore  (resp.  pollen-grain)  is  de- 
veloped. The  ectoplasmic  layer  of  the  cytoplasm  becomes  converted  into  a 
membrane,  the  exine  (or  exospore),  which,  though  at  first  consisting  of  cellulose, 
becomes  eventually  cuticularised,  tnd  acquires  a  more  or  less  elaborate  strnc- 
tue.  In  a  few  cases  this  is  the  only  coat  of  the  spore ;  but,  as  a  rule,  a  second 
membrane,  the  inline  (or  endotpore],  is  eventually  formed  internally  to  the 
«iine,  from  the  ectoplasmic  layer  of  the  cytoplasm  :  it  consists  always  of  celln- 
lose.  The  walls  of  the  special  mother-cells  become  disorganised,  and  the  spores 
SIS  Mt  free. 

The  development  of  the  proper  coats  of  the  spores,  as  also  their  subsequent 
growth  in  surface  and  in  thickness,  is  effected  solely  by  means  of  the  cytoplasm 


118 


PART   11. — THE   INTIMATE   8TRUCT0RB  OF   PLANTS. 


[§26. 


of  the  spore.  In  Bome  easeB,  hoiwever  {e.g.  Hydropterideo),  a  coat,  termed 
ptrinium^  is  formed  round  the  spore,  externally  to  its  proper  coats,  not  from  its 
own  eytoplasm,  hut  from  eytoplaam  in  the  sporangium  derived  from  the  cells 
of  the  disintegrated  tapetal  layer. 

(5)  Cell-formation  by  Conjugation  takes  place  solelj  in  connection 
with  the  sexual  process.  The  fasion  of  vegetative  cells  is  not  un- 
common, bat  it  does  not  lead  to  the  formation  of  a  single  cell, 
but  of  a  syncyte  (p.  91).  In  the  sexual  process,  however,  two 
gametes,  whether  externally  alike,  as  in  isogamous  plants,  or 
externally  dissimilar,  as  in  heterogamons  plants,  fase  together, 
cytoplasm  with  cytoplasm,  centrosphere  with  centrosphere,  nucleus 
with  nucleus,  completely  losing  their  individuality,  and  constitute 
a  single  new  cell,  a  zygospore  or  an  oospore,  which  is  the  stai'ting 
point  for  the  development  of  a  new  organism. 


Fio.  76.-Conjagation  in  Spirogyra  (x400).  At  A  two  cells  of  adjacent  fllamenta  are 
abont  to  conjugate,  and  are  putting  out  pmtaberances  (a)  towards  each  other :  el  chromato- 
phore ;  k  naclens.  At  B  the  gamete  p  of  the  one  cell  is  pas»ing  over  and  foving  with  that 
of  the  other  (p).  At  C  the  process  of  conjugation  is  completed,  the  zygospore  Z  being  the 
product. 

It  will  have  been  observed,  from  the  preceding  instances,  that  cell-formation 
is  frequently  preceded  by  nucUarfwion.  This  is  so  in  cell-formation  by  conjuga- 
tion ;  and  in  many  cases  of  cell-formation  from  a  coenocyte  {e.g.  development  of 
endosperm  in  the  embryo-sac  of  some  Angiosperms ;  development  of  the  oosphere 
in  incompletely  septate  plants,  such  as  Yaucheria,  Peronospora,  Pythinm). 

2.  Cell-Formation  with  Cell- Division.  Since  in  all  cases,  with 
possibly  occasional  exceptions  in  ccenocytes,  this  mode  of  cell- 
formation  is  preceded  by  indirect  or  mitotic  nuclear  division,  the 
consideration  of  it  may  be  preceded  by  an  account  of  this  form  of 
nuclear  division. 

Indirect  or  Mitotic  Division  of  the  Nxicleut.  The  indirect  division  of  the 
nucleus  presents  a  series  of  remarkable  phenomena  which  are  collectively  de- 
signated by  the  term  karijokinesii.    Beginning  with  the  nucleus  in  the  resting- 
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lUte  (8«e  p.  95),  the  first  fact  indicating  the  imminence  of  nnclear  division  is 
that  the  two  oentrospheres  separate  and  take  ap  positions  on  oppoitite  sides  of 
the  nucleus,  thus  indicating  the  plane  in  which  the  nuclear  division  is  to  take 
pUee,  viz.,  at  right  angles  to  a  straight  line  joining  the  oentrospheres:  the 
chtoge  of  position  of  the  centrospheres  is  doubtless  effected  by  the  kinoplasm 
in  which  they  lie.  Changes  are  now  perceptible  in  the  nucleus  itself.  The 
fibrillar  network  contracts  and  becomes  more  dense,  and  breaks  up  into  distinct 
fibrils  {ekronumomes)  consisting  now  of  broad  discs  of  chromatin  with  narrower 
intervening  discs  of  linin :  the  tangle  of  the  somewhat  Y-shaped  fibrils  becomes 
looeer  as  they  separate  and  move  towards  the  surface  of  the  nucleus.  At  thin 
lUge  the  so-called  nuclear  membrane  loses  its  definiteness,  the  kinoplasm 
entering  the  nucleus  without,  however,  displacing  the  proper  ground-substance 
of  the  nucleus.  The  kinoplasm  forms  a  number  of  threads,  extending  from  one 
eentrosphere  to  the  other,  constituting  the  kinoplatmic  tpindle,  of  which  the 
centrospheres  are  the  two  poles  (Fig.  77).  Along  these  threads  the  fibrils  move 
till  they  reach  the  equatorial  plane 
of  the  spindle,  where  they  con- 
stitute the  nuclear  due,  and  are  so 
placed  that  their  free  ends  point 
to  either  one  pole  or  the  other. 
Whilst  these  changes  have  been 
going  on,  the  nucleoli  have  dis- 
appesred,  being  diffused  in  the 
nnclear  ground-substance,  which 
can,  in  eonseqaence,  be  stained  at 
this  stage.  The  fibrils  now  undergo 
longitudinal  splitting  into  two,  and 
then  the  nuclear  disc  separates 
intu  two  halves,  in  such  a  way  that 

one  of  each  pair  of  fibrils  produced  yw.  77.  -Germinating  pollen-grain  of  LtKum 

by  the  splitting  of  each  primary  Uariagon  with  a  dividing  nncleus:  the  kino- 
fibril  goes  to  each  half.  The  fibrils  plMmic  spindle  is  formed  with  a  centaroupbere 
eonstitnting  each  half  of  the  nu-  <*'>  »t  each  pole;  n  i.  the  nnclear  disc  formed 
,        ..  .  ,     .1  by  the  chromosomen.    (After  Gnignard :  x  760.) 

emr  disc  now  move  towards  the 

corresponding  pole  along  the  spindle-threads,  changing  their  postion  as  they  go, 
10  that  when  they  reach  the  pole  their  free  ends  point  towards  the  equatorial 
plaoe  (Fig.  78/).  On  reaching  the  pole,  each  group  of  fibrils  constitutes  a  new 
nncleus ;  it  becomes  invested  by  a  membrane,  nucleoli  reappear,  and  the  fibiils 
reiuiDe  the  form  and  structure  of  the  resting  nucleus.  The  two  nuclei  are  now 
eompletely  formed,  and  are  still  connected  by  kinoplasmic  spindle- threads.  If 
no  cell-division  is  immediately  to' take  place,  no  further  change  occurs  beyond 
the  disappearance  of  the  threads. 

Two  modes  of  cell-formation  with  division  may  be  conveniently 
distin^ished.  In  the  one,  often  distinguished  as  free  cell-for- 
mationy  several  cells  are  formed  simaltaneoaslj  in  the  cavitj  of  a 
parent  cell  (or  coenocyte) ;  in  the  other,  designated  simply  cell" 
dimtion,  only  two  colls  are,  as  a  rule,  formed  as  the  result  of  the 
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Fio.  76.— FriiiHai-ta  p«rtica  (xBOO :  after  Sirasbnrger);  DiTision  of  a  mother-cell  of  the 
pollen :  a  contraction  of  tbe  fibrillar  network ;  e  kinoplasmio  spindle  with  equatorial 
nuclear  disc  seen  in  pro&le;  b  and  d  nuclear  disc  seen  from  tbe  pole,  in  b  the  fibrils  are 
splitting  longitudinally ;  •  division  of  tbe  nuclear  disc  into  two ;  /  separation  of  the  two 
halves  of  the  nuclear  disc;  y  two  nuclei  still  connected  by  spindle- threads,  in  which  the 
ooll-plate  is  forming ;  K-m  division  of  tbe  daughter.cell» ;  K  and  i,  breaking  up  of  the  net* 
work  and  formation  of  kinoplasmio  spindle;  k  spindle,  in  profile  in  the  right,  from  the  pleo 
in  tbe  left ;  I  separation  of  tbe  segments,  in  profile  in  the  right,  from  pole  in  the  left ; 
M  nuclei  with  connecting  threads  and  cell-plates. 
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partition  of  the  parent  cell.  A  farther,  though  not  ahsolnte, 
distinction  is,  that  in  the  latter  mode  each  nuclear  division  is 
immediately  followed  hy  a  corresponding  cell-division,  whereas 
in  the  former,  no  cell-division  takes  place  until  all  the  (or  very 
many)  nuclear  divisions  have  been  completed.  Finally,  when  the 
cell-formation  is  accompanied,  as  it  frequently  is,  by  the  develop- 
ment of  a  cell- wall,  the  cell- wall  formed  in  connexion  with  simple 
oell-diviHion  is  merely  a  septum  in  the  plane  of  division,  that  is,  a 
wall  which  abi>ts  upon  the  side- walls  of  the  parent  cell,  whereas 
in  free  cell-formation>  walls  are  formed  all  round  the  new  cells. 

(a)  Free  ceH-forniaiion  may  take  place  either  in  a  cell  or  in 
a  ccenocyte.  !»  the  former  case  it  is  preceded  hy  successive 
indirect  nuclear  divisions — the  cell  becoming,  in  fact,  a  ccenocyte 
for  the  time  being — nntil  the  requisite  number  of  nuclei  are 
formed ;  in  the  latter  case  nuclear  division  may  of  may  not  be 
necessary. 

The  product  of  thi»  process  of  cell -formation  is  either,  as  com- 
monly happens,  a  number  of  free  cells,  with  or  without  proper 
cell-walls ;  or,  a  cellular  tissue. 

The  formation  of  isolated  cells  occurs  only  in  cminezion  with 
the  development  of  reproductive  cells  and  only  in  certain  plants  : 
e.g.  the  zoogonidia  and  gametes  of  coenocytic  ieogamous  Algae, 
soch  as  some  Confervoideoe  and  Siphonaceee,  and  the  Hydrodictyess ; 
the  spermatozoids  and  oospheres  af  the  coenocytic  but  heterogamous 
Spbcroplea;  the  zoogonidia  of  the  Phssosporese,  and  the  sperma- 
tozoids of  the  Fucacese,  among  cellular  Algse ;  among  Fungi,  the 
iipores  and  gonidia  of  the  Mucorinse,  the  aoogonidia  and  oospheres 
of  the  Saprolegniaceop  (Fig.  79)»,  the  ascospore»  of  the  Ascomycetes 
(Fig.  80) ;  in  the  Phanerogams,  the  egg-apparatus  of  Angiosperms, 
and  the  embryo-sporophyte  of  Ephedra. 

In  this  case  the  process  of  cell -formation  is  simple ;  the  proto- 
plasm, under  the  influence  of  the  kinoplasm,  segregates  round 
the  individual  nuclei,  constituiing  distinct  cells  which  may  or 
may  not  develope  proper  walls  ;  the  development  of  the  walls  (if 
present)  takes  place  in  the  manner  already  described  (p.  117). 

The  development  of  a  tissue  by  free  cell-formation  is  not  com- 
mon; it  occurs  in  the  development  of  the  endosperm  of  the 
Phanerogams,  in  that  of  the  female  prothallium  of  Isoetes,  and 
in  that  of  the  embryo-sporophyte  of  Ginkgo  and  of  the  Cycads 
(p.  15).  Here,  after  the  formation  by  division  of  the  requisite 
number  of  nuclei,  the  cytoplasm  becomes  marked  out  into  units 
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(energids),  one  to  each  nucleus,  and  then  cell-walls  are  formed 
along  the  lines  of  demai'cation,  constituting  the  units  into  cells ; 
ivhen,  as  is  frequently  the  case,  the  cytoplasm  of  the  mother,  cell 
is  simply  a  parietal  layer,  the  developing  cells  secrete  a  eel  I- wall 
over  their  free  surface,  as  well  as  the  intermediate  septa.     In 


Fio.  79.— Gonldftiigrinm  of  an  Achlya. 
A  Still  closed.  B  Allowing  the  too- 
gonidia  to  escape,  beneath  it  a  Interal 
branch  c;  a  the  »oogonidia  just  es- 
caped;  b  the  abandoned  membranes 
of  the  soogonidia  which  hare  alread7 
swarmed :  •  swarming  xoogonidia. 
(After  Sachs :  x  630.) 


Fio.  80.— Cell-formatfon  In  the  asoi  of  P«sir« 
eonvMntfo.  a/Snccessive  steps  in  the  develop- 
ment of  the  asci  and  spores.  (After  Saobs: 
X  660.) 


rare  cases  {e.g.  endosperm  of  Gorydalis  cava),  the  cell- walls  enclose 
several  energids  constituting  coenocytes,  but  eventually  each 
ecenocyte  becomes  a  cell  by  the  fusion  of  the  nuclei  (see  pp.  90, 118). 

A  somewhat  simiUr  prooeBs  of  tissue-formation  occurs  in  the  Hydrodiotyee ; 
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bat  here  the  eells  are  at  first  free  zoogonidia  withoat  any  oell-wall,  which 
sabseqoently  aggregate  together  so  as  to  form  the  body  of  the  plant,  and 
secrete  cell-walls  (see  pp.  15,  92). 

A  case  which  closelj  connects  the  foregoing  with  the  typical 
form  of  cell-divifiion  is  that  offered  bj  the  development  of  the 
pollen-grains  of  Dicotyledons  and  Conifers,  and  of  the  spores  of 
Pteridophyta  and  Bryophyta  in  general.  Here  (Fig.  78)  the  nuclear 
dimioDs  are  limited  to  the  first  generation ;  the  naclens  of  the 
mother-cell  divides  into  two,  and  each  of  those  again  into  two, 
so  that  fonr  nnclei  are  prod  need.  The  protoplasm  aronnd  these 
is  marked  oat  into  corresponding  areas  by  lines,  along  which 
cell-walls  are  formed,  which  meet  in  the  middle,  and  abat  extern- 
ally on  the  wall  of  the  mother- cell ;  in  this  way  four  special 
mother-cells  are  formed,  in  each  of  which  a  spore  is  developed 
(see  p.  125). 


B 


Fie.  Bl.—WtVtbwnufoBtidMa  (after  StotMbarger  : 
X  640).  Qnadripartitlon  of  mother-oell  of  polleo  ; 
in  B  the  connecting  threads  and  cell-p1ate»  ai-e 
shown ;  in  A  the  walls  have  been  formed.  Only 
three  are  visible,  the  fourth  not  being  in  focus; 
the  mode  of  development  is  tetrahedral. 


The  marking  ont  of  the 
protoplasm  into  nnits  in 
the  process  of  free  cell- 
formation  is  effected  by  the 
kinoplasm.  As  the  uaclei 
lie  free  in  the  protoplasm, 
oonnecting  threads  of  kino-, 
plwm  are  formed  between 
them— or  rather  between 
the  centrospheres  adjacent 
to  the  nnclei — each  of 
which  becomes  somewhat 
thickened  in  the  middle 
line,  the  thickenings  coming  into  lateral  contact  thas  forming  a 
eeU-pLtte  (Fig.  81  f ),  which  marks  the  limits  of  the  fntnre  cells. 
When  free  cells  are  to  be  produced,  the  cell-plates  mark  the 
planes  of  separation ;  when  a  tissue  is  to  be  produced,  the  cell- 
plates  both  mark  the  position  in  which,  and  supply  the  material 
ont  of  which,  the  septa  are  formed. 

(6)  CeU-divisxon  may  give  rise  to  free  cells,  though  more  com- 
monly it  gives  rise  to  a  tissue ;  in  either  case,  it  consists  essenti- 
ally in  the  bipartition  of  the  cytoplasm,  once  or  repeatedly  ;  septa 
mty  or  may  not  be  formed,  and  their  formation  follows  on  the 
division  of  the  cytoplasm. 

The  development  of  free  primordial  cells  by  cell-division  is 
confined  to  the  reproductive  cells  of  certain  of  the  lower  plants ; 
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for  instance,  the  zoogonidia  and  gametes  o£  some  isogamons 
VolvocaceaB  (e.g,  Pandorina),  and  Confervoideae  (e;.^.  Ulothrix), 
the  spermatozoids  of  Volvox,  the  oospheres  of  Facns.  The  pro- 
cess is  a  simple  one,  consisting  in  the  indirect  division  of  the 
nnclens,  followed  by  a  corresponding  division  of  the  cytoplasm, 
no  septam  being  formed.  Commonly  this  process  occurs  but 
once,  two  cells  being  formed  in  the  mother-cell;  or  it  may  be 


Fio.  62.— Oell-divislon  in-  •tamicial*  hair  of  Trade»eantia  tir^iniea  ( x  640 :  after  Straa- 
burger).  1-6  Mitotic  division  of  nucleos;  7-11  dev^elopment  of  the  septum  in  the  kiuo- 
plasmio  spindle. 

repeated  twice,  giving  rise  to  four  cells ;  or  thrice,  giving  rise 
to  eight  cells  (e.g.  oospheres  of  Focus)  ;  or  many  times,  giving 
rise  to  a  large  number  of  cells  (e.g,  spermatozoids  of  Volvox). 

The  typical  case  of  cell-division  is  that  which  is  attended  by 
the  formation  of  septa,  resulting  in  the  development  of  cells 
which  remain  coherent  to  form  a  tissue.  The  process  begins  with 
indirect  division  of  the  nucleus  (Fig.  82,  1-6)  ;  when  this  is  com- 
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plet^  a  cell-plate  is  formed  in  the  kinoplasmic  spindle,  and  in 
and  from  this  a  septum  of  cellulose  is  formed  (Fig.  82,  7-11). 
If  the  spindle  is  not  wide  enough  to  reach  quite  across  the  cell, 
it  is  extended  laterally  bj  the  formation  of  new  connecting- threads, 
oDtil  the  septum  is  attached  to  both  lateral  walls.  Thus  the 
walls  of  the  new  cells  are,  for  the  most  part,  those  of  the  parent 
cell,  the  septum  being  the  only  new  formation.  It  is  a  universal 
law  that  the  plane  in  which  the  septam  is  formed  is  perpendicular 
U)  that  of  the  wall  at  any  point  of  contact. 

Ytriations  of  this  mode  of  eell-fonnation  occur  in  isolated  cells,  and  in  cells 
fonniog  part  of  a  free  surface.  In  some  oases  (e.g.  branching  of  Moss-proto- 
nema)  the  mothercell  throws  out 
s  lateral  protuberance,  and  a  w* U 
b  formed  at  the  junction  of  the 
two.  lu  other  cases,  as  in  the 
deTelopmeDt  of  the  spores  of 
mtnj  Fungi,  and  in  the  mallipli- 
estion  of  Yeast-cells,  the  lateral 
protaberance  ezpauds  into  a 
rotinded  body,  the  neck  of  com- 
mauieatioQ  with  the  mother-cell 
remainiug  narrow.  Eventually 
a  cell- Wall  is  formed  across  the 
narrow  neck,  and  the  cells  sepa- 
rtte  from  each  other.  This  mode 
of  eell-forniation  is  known  as 
9tmtnution  or  ahstrietion. 

Closely  connected  with 
the  division  into  two,  which 
is  characteristic  of  cell« 
formation  in  the  vegetative 
parts  of  plants,  is  the  divi* 
sion  of  the  mother-cell  into 
foar,  which  is  characteristic 
of  the  development  of  the 
fpores  in  the  higher  plants 
(spores  of  Bryophyta,  Pteridophyta,  and  pollen-grains  of  Phanero- 
gams; see  pp.  117,  123)  ;  in  these  cases  the  division  of  the  mother- 
cell  may  take  place  in  either  of  the  two  following  ways  : — 

1.  Each  nuclear  division  is  followed  by  cell-division  with  the 
formation  of  a  septum  (Fig.  84  A  ;  also  Fig.  78)  ;  hence  the 
process  of  the  development  of  the  four  special  mother-colls  is  one 
of  Mccesnve  ceU-divinon^  the  mother-cell  being  first  of  all  divided 


1   >'      \uT'*''/'L<^<'  .•^*'r^ 
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Fie.  83.— Karlj  stoge  of  cell-diviBion  in  a  jovaxg 
endosperm-cell  of  Fritniaria  imptrialu  (diagram- 
matic ;  after  Strssbarger :  x  1000) .  n  n  Two  recenti j 
formed  naolei  with  connecting  threads  between 
them;  the  threads  show  median  thickenings 
which  will  constitute  the  cell-plate  cp ;  p  cytoplasm. 
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into  two,  and  then  each  of  the  two  daughter-cells  is  similarly 
divided  into  two  ;  this  is  characteristic  of  the  development  of  the 
microspores  of  Isoetes,  and  of  the  pollen-grains  of  most  Monocoty- 
ledons. 

2.  The  nnclens  of  the  mother-cell  divides  into  two,  and  both 
these  again  divide  into  two  before  any  cell-division  occars  ;  kino- 
plasmic  spindles  are  formed  between  the  four  nuclei  (see  Pig.  81) 
in  which  cell-plates  and  eventually  septa  are  formed  simul- 
taneously in  the  cell-plates,  and  thus  the  four  special  mother- 
cells  are  formed,  in  each  of  which  a  spore  is  developed  (p.  117). 


Fio..  St.— DiTisinn  into  foar  of  spore-motber-cells  of  Ferns.  A  Bchizna ;  B  P^O^ra 
rohmdt/olia.  I.  II.  IIL  taccessiTe  stages;  k  naoleus;  p  cell-plate;  •  spore;  ••' spore 
Ijinff  behind  the  others;  m  wall  of  mother>oell ;  to  septa  formed  lo  connexion  with  the 
divisions  ( x  300).    A  Showj  successive  division  ;  B  siinultaneoas  division. 

The  relative  directions  of  the  planes  of  division  necessarily  affect  the  arrange- 
ment and  form  of  the  spores.  Thas,  when  ia  (1)  the  divisions  of  the  two 
daughter-cells,  or  when  in  (2)  the  divisions  of  the  two  secondary  nuclei,  take 
place  in  one  plane,  the  four  resulting  spores  lie  in  one  plane,  and  have  a  rounded 
form.  Such  spores  are  said  to  be  bilaUral ;  they  occur  in  the  Cycads  and 
most  Monocotyledons  (pollen-grains),  in  Schizisa  (Fig.  84  A  III.),  and  some 
other  Ferns.  On  the  other  hand,  when  in  (1)  the  divisions  of  the  two  daughter- 
cells,  or  when  in  (2)  the  divisions  of  the  two  secondary  nuclei  take  place  in 
two  planes  at  right  angles  to  each  other,  the  four  resulting  spores  do  not  lie 
in  one  plane,  but  are  arranged  in  a  pyramid,  each  spore  having  the  form  of  a 
trilateral  pyramid  with  a  spherical  base.  Such  spores  are  said  to  be  tetrahedral, 
or  radial ;  they  occur  generally  in  Dicotyledons  (pollen -grains,  Fig.  81),  In  some 
Ferns  (Fig.  84  B)  and  in  Equisetum.  In  (2)  when  the  fiiur  secondary  nuclei  all 
lie  in  one  plane  four  spindles  are  formed,  each  nucleus  being  thus  connected 
with  the  two  adjacent  nuclei ;  but  when  the  nuclei  are  arranged  pyramidally, 
six  spindles  are  formed,  each  nucleus  being  thus  connected  with  the  three 
o  thers. 

In  some  plants  the  spores  are  developed  sometimes  in  the  one  way  and 
■ometimeB  in  the  other;  this  is  the  case  in  the  Liverworts  and  the  Mosses; 
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uoongA  Ferna,  whenM  in  the  HymeDophyllaoes  and  CjatheaoesB  onlj  tetra- 
bedral  tporea  have  been  obsenred,  the  occurrence  of  teirahedral  or  of  bilateral 
spores  Taiies  from  genus  to  genus  in  the  Polypodiacefe,  SohizeacesB,  and 
OleiebeniaceaB ;  in  the  Marattiacefls  and  in  Ophioglossnm  both  tetrahedral  and 
bilateral  spores  may  be  developed  in  the  same  uporangium ;  this  last  condition 
also  obtains  in  Psilotam  and  in  species  of  Ljcopodium ;  both  modes  of 
deTslopment  have  been  observed  in  the  pollen-grains  of  Allium  Moly  among 
Monocotjledons  and  also  in  some  Dicotyledons  (Fig.  85). 

The  division  of  the  cytoplasm  of  the  spore-mother-eells  is  fre- 
quently accompanied  bj  a  considerable  ingrowth  of  the  wall  of 
the  cell,  so  that  tbe  cytoplasm  becomes  lobed  (Fig.  85)  ;  the  septa 
Bubseqoentlj  formed  in  the  cell-plates  become  attached  to  these 
ingrowths.  In  some  cases  of  cell-division  the  whole  septum  is 
formed  as  an  annular  in- 

erowth    (e.g.    Spirogyra).  >^fi^-^S\       >^!^^^^v    -A 

Ibis  is  also  the  case  in  in- 
complete! j  septate  plants 
(e.g.  Cladophora,  etc.), 
where  the  development  of 
the  septa  has  no  relation 
whatever  to  nuclear  divi- 
sion. 

In  incompletely  septate 
plants  the  process  of  pro- 
toplasmic  division  and  the 
development  of  septa  goes 
on  qnite  independently  of 
the  nnclens.  This  is  so 
to  some  extent  in  certain 
cues  of  spore-formation, 
viz.  in  the  development  of 
the  spores  of  Anthoceros 
and  of  the  macrospores  of  Tsoetes,  where  the  division  begins  in 
the  cytoplasm,  the  division  of  the  nucleus  taking  place  last  of  all ; 
whereas,  as  has  been  already  shown,  the  rule  in  completely  septate 
plants  is  that  the  division  of  the  nucleus  precedes  the  division  of 
the  cytoplasm. 


Fie.  S6.~(After  Sachs).  Development  of  polban- 
grains  of  Althaa  roMO.  A  the  four  nuclei  have 
been  formed ;  D  the  cytoplasm  is  becoming  lobed 
by  the  ingrowths  formed  on  the  wall  of  the  mother- 
cell  ;  B  four  special  mother- cells  formed  by  tbe 
development  of  septa  connected  with  the  lateral 
ingrowths.  In  AD  E  the  grains  are  developed  in 
one  plane ;  B  is  a  case  of  pyramidal  arraogemenL 
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CHAPTER  II. 


THE   TISSUES. 

§  27.  The  Connexion  of  the  Cells.  As  already  explained 
(p.  121),  in  the  development  of  a  tissue,  whether  by  free  cell- for- 
mation or  by  cell- division,  septa  are  formed,  that  is,  walls  which 
are  common  to  contiguous  cells  ;  these  are  very  thin  at  first,  and 
appear  under  the  highest  magnifying  power  as  a  simple  plate. 
As  the  walls  increase  in  thickness  (see  p.  103)  and  acquire  a 
more  or  less  distinctly  stratified  structure,  as  seen  in  transverse 

section,  the  net- work  of  primary 
septa  stands  out  from  the  thickening 
layers  pi-oper  to  each  cell  (Fig.  87). 
The  primary  septum  between  any 
two  cells  is  now  distinguished  as  the 
middle  lamella  (sometimes  also  termed 
mfercellnlar  substance);  it  attains  aeon- 
siderable  bulk  at  points  where  several 
«epta  meet  at  an  angle  (Fig.  88).  Its 
chemical  composition  essentially  re- 
sembles that  of  the  tissue  in  which  it 
is  examined.  In  a  tissue  where  the 
thickened  cell-walls  consist  of  cellu- 
lose, the  middle  lamella  simply  con- 
sists of  a  denser,  more  resistent  form 
of  cellulose;  in  lignified,  cuticnlarised, 
or  mucilaginous  tissue,  the  middle 
lamella  presents  the  chemical  charac- 
teristics of  the  tissue  in  the  highest 
degree,  since  it  is  more  completely 
modified  chemically  than  the  rest  of 
the  cell- wall ;  or,  in  other  words,  since 
it  contains  less  residual  cellulose  than  the  other  layers  of  the  wall, 
whether  they  be  lignified,  cnticularised,  or  mucilaginous,  as  the 
case  may  be. 

When,  as  is  generally  the  case,  the  cells  of  the  tissue  have 
pitted  walls,  the  pits  of  any  one  cell  are  exactly  opposite  those  of 
the  cells  contiguous  to  it  (Fig.  87),  and  are  closed  by  the  middle 
lamella  which  is,  however,  penetrated  by  the  pi*otoplasmic  fibrils 
connecting  the  energids  of  the  respective  cell*  (see  Fig.  45,  p.  91). 


Fig.  86.— Formation  of  th  sue  by 
eell-divUion  in  the  cort«z  of  the 
growing  stem  of  Vicia  Faha  ( x  800). 
a  a  The  delicate  eepta  hare  joBt 
been  formed ;  k  nncleus. 
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In  most  cases  tlie  closing-membrane  between  two  opposite  pits 
persists  (Fig.  87)  ;  always  whilst  the  contiguons  cells  contain  pro- 
toplasm, less  frequently  when  these 
cells  eyentaally  lose  their  proto- 
plasm.  A  good  example  of  the 
latter  case  is  afforded  by  the  vas- 
colar  cells  of  the  wood  (tracheids) 
of  Conifers.  Here  the  pits  are  bor- 
dered (see  p.  104),  and  are  closed 
by  a  membrane  (Fig.  88  C)  which 
is  somewhat  thickened  in  the  mid- 
dle, the  thickened  area  being  called 
the  torusy  and  is  either  situate  in 
the  middle  line  between  the  two 
pits  (Fig.  88  (7)  or  is  forced  to  one 
side  {B). 

On  the  other  hand  it  is  com- 
monly the  case  that  the  thin  pit- 
membrane  undergoes    absorption, 
so  that  the  cavities  of  the  adjacent  cells  become  continuous,  and 
in  some  cases  the  entire  septum  may  be  absorbed ;  in  either  case 


..--^^ 


Fie.  87.— Transverse  section  of  the 
cortical  cells  of  TricTionuinM  tpeciosum 
(X  600).  Middle  lamella  (m);  ti  the 
secondary  layers  of  t)ie  cell-wall  ad- 
joining the  middle  lamella;  I  Cdll- 
cavity ;  t  bordered  pits  which  are  oppo- 
site  in  adjoining  cells,  but  are  closed 
by  the  middle  lamella. 


f u.  88.~?MiiM  lylvcftru  {x  MO:  after  Strosbnrger).  A  snrface-view  of  a  bordered  pit ; 
'  terdered  pit  aa  seen  in  a  longitudinal  tangential  section  of  the  wood ;  t  the  torus  of  the 
tiQaag.iBembraiie  which  is  thrust  to  one  side  of  the  pit-cavity ;  C  transverse  section  of  a 
tnehtid  showing  bordered  pits  with  closing-membranes;  m  middle  lamella;  i  secondary 
^ynt  of  cell-wall ;  m*  thickened  middle  lamella  at  the  junction  of  several  septa. 

the  result  is  a  syncyie  (p.  91),  of  which  the  most  familiar  examples 
ftro  the  wood- vessels  of  many  plants,  where  the  transverse  septa 
of  a  longitudinal  scries  of  cells  are  moro  or  less  completed  ab- 
sorbed, giving  rise  to  a  tube ;  but  the  absorption  of  the  wall  may 
Y.  8.  B.  K 
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take  place  in  any  plane,  as  in  the  development  of  the  anasto- 
mosing neirwork  of  laticiferons  vessels  ii^  many  plants  {e.g.  Com- 
positfe,  etc. ;  see  p.  141). 


§  28.  Intercellular  Spaces  are  lacnnsB  between  the  cells  of  a 
tissue.  They  are  formed  in  two  ways:  either  sMzogenouslyj  by 
splitting  of  the  common  wall  of  contiguous  cells  ;  or  lysigenowly, 
by  the  disorganisation  of  certain  cells.  They  contain  either  air  or 
certain  peculiar  substances. 

The  intercellular  spaces  formed  schizogenously  and  containing 
air,  commonly  occur  in  parenchymatous  tissue  at  the  angles  of 
junction  of  a  number  of  cells.  The  cells  of  such  a  tissue^  when 
young,  are  angular  and  are  in  complete  mutual  contact  at  all 

points  of  their  sur- 
face (see  Fig.  86): 
but  towards  the 
close  of  their  growth 
they  tend  to  assume 
a  more  rounded 
form,  with  the  result 
that  the  common 
cell- walls  split  at 
the  angles,  and  thus 
a  system  of  inter- 
cellular  spaces  is 
formed  (Fig.  89). 
It  is  a  remarkable 
fact  that  such  inter- 
cellular spaces  as  these  are  exclusively  confined  to  the  sporophyt« 
of  the  higher  plants  (Bryophyta  and  upwards).  Sometimes  these 
spaces — then  called  air-chambers — attain  a  considerable  size,  so 
that  portions  of  tissue  are  widely  separated  from  each  other,  as 
in  the  petioles  of  the  Water-lily  and  in  other  aquatic  plants. 

The  large  air-cavities  in  the  stems  and  leaves  of  Juncus  and 
other  allied  plants  are  produced  lysigenously  by  the  drying- up  and 
rupture  of  considerable  masses  of  cells ;  this  is  true  also  of  the 
cavities  extending  through  whole  in  tern  odes  of  many  herbaceous 
stems  {e.g.  Grasses,  IJmbelliferse,  Equisetum),  as  also  of  those 
occurring  in  leaves  {e.g.  Leek). 

The  intercellular  spaces  which  contain  certain  peculiar  sub- 
stances are  treated  of  under  the  head  of  Glandular  Tissue  (p.  137). 


Fie.  69.— Intercellalar  Kpacet  (x)  between  cells  from  the 
Kiera  of  Zta  Mai§  ( x  660) ;  gw,  the  common  wall.  (After 
Sachs.) 
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§  29.  Forms  of  Tissue.  Accordin<(  to  the  form  and  arrange- 
ment of  the  constituent  cells,  the  thickness  and  chemical  compo- 
sition of  their  walls,  the  nature  of  their  contents,  etc.,  it  is  possible 
to  classify  the  forms  of  tissue  in  various  wajs. 

Taking,  first,  the  capacity  for  growth  and  cell- formation, 
embryonic  tissue  or  merislem  is  distinguishable  from  adult  or 
pnmanent  tissue.  The  former  consists  of  cells  (e.g,  in  the  growing- 
point  of  a  cellular  plant)  which  grow  and  divide ;  whereas  the 
Utter  consists  of  cells  which  have  ceased  to  grow  and  divide, 
haring  attained  their  definitive  form  and  size;  and  whilst  meristem 
consists  entirely  of  true  cells,  permanent  tissue  may  consist  wholly 
or  in  part  of  cells  which  have  lost  their  cytoplasm. 

Taking,  next,  the  form  of  the  individual  cells  and  the  mode  of 
combination  into  a  tissue  which  their 
form  determines,  two  forms  of  tissue 
termed  parenchyma  and  prosenchyma  are 
distinguished.  In  parenchymatous  tis- 
sue tbere  is  no  great  difference  in  the 
three  axes  of  the  somewhat  cubical  cell, 
and  tbe  cells  are  in  contact  by  broad 
flat  surfaces  (Figs.  86,  89).  In  prosen- 
chjmatons  tissue,  on  the  other  ban  J, 
(Figs.  90,  92),  the  cells  are  much  longer 
than  they  are  broad,  having  pointed 
ends  which  overlap  and  dovetail  in 
between  those  of  other  cells  of  the 
ti£8Qe. 

By  combining  the  distinctive  characters  which  have  just  been 
mentioned,  with  others  which  relate  to  the  nature  of  the  cell- 
contents  and  to  the  constitution  of  the  coll- wall  and  are  intimately 
connected  with  the  functions  of  tho  cells,  the  following  forms  of 
permanent  tissue  may  be  distinguished  : — 

1.  Thin-walled  parenchymatous  tissue  consists  of  cells  having 
cell- walls  of  cellulose.  So  long  as  the  cells  are  functionally  active 
they  contain  cytoplasm ;  they  may  eventually  lose  their  cell-con- 
tents and  become  dry  and  filled  with  air  (e.g.  pith  of  Elder).  This 
form  of  tissuo  is  t«he  main  seat  of  the  protoplasm  in  the  plant, 
and  it  is  in  the  cells  of  this  tissue  that  the  chemical  processes 
connected  with  nutrition  are  more  particularly  carried  on.  It  is 
especially  well-developed  in  fleshy  and  succulent  parts  (e.g.  leaves, 
hmita,  tubers,  tuberous  roots,  etc.). 


Pio.  90.  —  Prosenchjmatous 
liBeue,  longitudinal  Bectton  (dia- 
gram, naagnifled),  ihe  point^l 
ends  of  tbe  elongated  oella  fit  In 
betneen  each  other. 


132 


PART   IT. — THE   IMTIUATB    3TBUCTURB   OF   PLANTS, 


[§29. 


2.  Thich'Walled  parenchymatous  tissue.  Of  this  there  are  two 
principal  forms :  (1)  that  in  which  the  cell- walls  are  liguified ; 
(2)  that  in  which  thej  are  not  lignified  bat  consist  of  cellalose. 
The  former  occurs  as  wood-parenchyma  in  the  secondary  wood,  and 
in  the  secondary  medullary  rays,  of  Dicotyledons.  The  latter 
commonly  occurs  as  collenclyma  just  below  the  surface  of  her- 
baceous parts  such  as  mid-ribs  of  leaves,  petioles,  young  shoots, 
etc.,  and  serves  to  give  them  firmness  (Fig.  91).  Both  forms  of  this 
tissue  retain  their  cytoplasm  for  a  long  time  after  complete  differen- 
tiation. The  middle  lamella  (p. 
128)  of  thick-walled  parenchyma 
with  cellulose  walls,  consists  of  a 
peculiarly  dense  form  of  cellalose. 
3.  Cuticularised  tissue  consists  of 
cells  of  various  form,  generally 
parenchymatous,  the  walls  of 
which  have  undergone  more  or  less 
complete  cnticularisation  (see  p. 
106).  The  most  conspicuous  ex- 
amples of  this  tissue  are  the  epi- 
dermis, and  the  periderm  ;  in  the 
former,  the  cuticalansation  is  con- 
fined almost  exclusively  to  the  ex- 
ternal wall  of  the  cell  (Fig.  91), 
and  the  cells  retain  their  cyto- 
plasm; in  the  latter,  the  cnticu- 
larisation extends  over  the  whole 
cell-wall,  and  the  cytoplasm  is  soon 
lost.  In  both  cases  the  cnticulari- 
sation is  most  marked  in  the  ex- 
ternal layers  of  the  cell-wall.  In 
cork-ccUs  there  is  a  certain  amount  of  lignification  of  the  walls  as 
well.  The  middle  lamella  (p.  128)  of  cuticularised  tissue  consists 
entirely  of  cutin  (or  suberin).  Whilst  cnticularisation  generally 
occurs  in  the  walls  of  free  cells  (e  g.  spores),  or  of  the  superficial 
colls  (epidermis,  periderm)  of  a  multicellular  body,  it  occurs 
sometimes  in  internal  tissues  (e.g.  endodermis). 

4.  Sclerenchymatous  tissue^  or  sclerenchyma,  consists  typically  of 
proscnchymatous  cells  which  lose  their  cytoplasm  relntively  esrly, 
and  then  contain  only  water  or  air,  and  are  distinguished  as  fibres; 
but  in  some  cases  they  retain  their  cytoplasm,  and  are  then  dis- 


Pie.  91.— Trana verse  Beolion  of  part 
of  leaf '£ talk  of  a  Begonia  (x  660:  after 
Sachs).  E  Epidermis,  the  cellsof  which 
have  thickened  and  cuticularised  ex- 
ternal walls ;  c  cuticle.  B  CoUenchj- 
matous  tissue,  with  walls  thickened  at 
the  angles  v ;  tbe  walls  of  the  epidermal 
cells  are  similarly  thickened  where  thej 
abut  on  the  collenchjma;  eUndividaal 
collenchjuiatous  cells;  cHI  chloro- 
plasiids ;  p  large  thin-walled  parenchy- 
matous cell. 
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tingnished  as  fibrous  ceUs,  The  cell- walls  are  thickened,  some- 
times so  mnch  so  as  almost  to  obliterate  the  cavity  or  lamen  (Fig. 
92) ;  they  are  frequently  lignified  throughout,  or  only  partially,  or 
not  at  all  (e.g.  bast-fibres  of  Flax  and  Hemp);  they  commonly  have 
simple  round  pits,  or  oblique  and  narrow  bordered  pits  (Fig.  94). 


Fio.  92.— Longritadinal  section  of  the  ccrtez  of 
tiie  Oek,  showing  •  short  sclerotic  cells ;  /  fibrous 
•elenftchjmft ;  p  parenchjmatoos  cells.  (  x  300.) 


Fio.  03.— Isolated  ^clerutio 
cell  from  the  leaf  of  Exoetemma 
(Rubiaceie).    (x  300.) 


Sclerenchymatoas  tissue  usually  occurs  in  masses  so  as  to  give 
firmness  and  rigidity  to  the  various  parts  in  which  it  is  present ; 
it  constitutes,  together  with  the  coUenchyma^  the  mechanically 
sapporting-tissne  or  stereom  of  the  plant. 

Isolated  sclerotic  cells  (without  cytoplasm)  of  irregular  form 
(Fig.  93)  are  of  frequent  occurrence  (e.g.,  in  the  flesh  of  Penrs,  in 
comceoos  leaves  as  those  of  Camellia,  Hakea,  Olea,  etc.) :  when 
these  cells  pi-oject  freely  into  air-cavities  (e.g,  NymphoeaceaB,  Aroids, 
Limnanthemum,  Bhizophora)  they  are  sometimes  en  lied  intei-nal 
ha%r$\  short,  straight  cells  occur  in  the  secondary  bast  and  cortex 
of  many  trees  (Fig.  92). 

In  some  eases  (e.g.  Vines,  Nerinm,  Urtioa,  Hamulus,  etc.),  the  young  bast- 
fibres  hsTe  been  found  to  i)eeome  ccenocytio  in  conseqaence  of  the  multiplica- 
tioQ  of  their  nuolei  by  indirect  division.  In  other  eases  the  solerenchymatons 
fibres  become  septate  in  oonsequenee  of  the  nuclear  divisions  being  followed  by 
tbefonnation  of  septa;  such  apparently  multicellular  fibres  (not  nncommon  in 
tbfl  aecoadary  wood  of  Dicotyledons)  are  termed  chambered  fibres, 

5.  Tracheal  tissue  consists  of  cells  which  early  lose  their  cyto- 
plasm; their  cell- walls  are  generally,  but  not  always,  lignified,  and 
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are  either  pitted  with  simple  or  bordered  pits,  or  have  annular, 
spiral,  or  reticulate,  etc.,  thickenings  (see  p.  104)  ;  when  fallv 
developed  the  tissue  contains  only  either  air  or  water. 

The  following  varieties  of  this  tissue  may  be  distinguished  : — 
a.  The  tracheids,  which  are  closed,  generally  prosenchymatons, 
cells  (Fig.  95  J.  P),  occur  characteristically  in  the  wood  of  certain 
sporophytes  (e.g.  most  Pteridophyta,  ConiferaD)  and  are  then  com- 
pletely lignified ;  but  they  also  occur  elsewhere,  as  in  the  tegu- 


Fie.  04.— Sclerenobymatons  tisane.  A  The  end  of  a  bast-fibre,  with  stronglj  thickened 
pitted  walls  (longitodinal  section  x  300).  B  Wood-fibres  from  the  root  of  the  Cucttmbcr 
( k  900),  surface  view  and  section.  C  Fibres  from  the  stem  of  Hglianthu*  tvtbero*u$  ( x  SOO). 

mentary  tissue   (velamen)  of  the  aerial  roots  of  certain  Orchids, 

where  they  are  partially  lignified;  in  certain  cells  of  the  anther; 

and  in  the  leaves  and  cortical  tissue  of  the  stem  of  Sphagncm 

(gametophyte)  where  they  are  not  lignified  at  all  (Fig.  95). 

b.  The  tracheoB  are  true  vessels,  that  is,  articulated  tubes,  tlie 

contiguous  cell-cavities  having  been  rendered  continuous  by  the 
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complete  or  partial  absorption  of  the  intervening  walls  (Fig.  95 
Ca);  the  former  is  more  frequently  the  case  when  the  interven- 
ing walls  are  horizontal,  the  latter 
when  they  are  obliqne ;  they 
occur  in  the  wood  of  many  Phane- 
rog«ms. 

Tracheal  tissae  is  the  character- 
istic constitnent  of  the  vascnlar 
tLssne-system  to  be  described  sub- 
seqnently ;  it  is  especially  adapted 
for  the  conduction  of  water.  It 
^hoald  be  noted  that  in  all  forms 
of  lignified  tissues,  whether  tra- 
cheal, sclerenchymatons,  or  paren- 
chymatous, the  middle  lamella  is 
the  most  highly  lignified  part  (p. 
128);  it  dissolves  readily  in  a 
mixture  of  nitric  acid  and  chlorate 
of  potash,  thus  leading  to  the  iso- 
ktioQ  of  the  constituent  cells. 

When  a  tracheal  cell  with  a 
pitted  wall  abuts  upon  cells  con- 
Uining  living  protoplasm,  it  not 
Qofreqaently  happens  that  the  thin 
pit-membranes  begin  to  bulge,  in  consequence  of  the  pressure  upon 
them  of  the  contents  of  the  living  cells,  into  the  cavity  of  the 
tracheal  cell,  and  actually 
grow  (Fig.  96).  Cell-di- 
vision  may  take  place  in 
these  ingrowths,  so  that  a 
mass  of  cellular  tissue  is 
formed  in  the  cavity  of 
the  tracheal  cell.  These 
ingrowths  are  termed 
t^loteg ;  they  are  constant- 
Ij  to  be  found  in  some 
kinds  of  wood,  (e.^.  Bo- 
binia)  and  occasionally  in 
inany  others. 

6.  SiecfTisme.        This 
tisgae  consists  mainly  of  long  articulated  tubes,  the  contents  of 


Fie.  95.— Tracheal  tissae.  A  Traoheid 
from  the  leaf  of  Sphagnam.  J  The  holes 
in  the  external  wall.  B  Traoheid  from 
the  leaf  of  Polypodtum  vulvar*.  C  Part 
of  a  trachea  with  bordered  pits  from  the 
stem  of  Helianthas;  it  has  been  cat 
ioto  at  the  apper  end ;  a  and  b  the  arti- 
cnlations.  where  the  absorbed  transverse 
walls  existed. 


\i^m^ 


Fio.  96  (after  Weiss)  .—Portion  of  wood-Tessel  of 
Fttii  vtnt/rra,  in  transverse  section,  with  adjacent 
cells  a  b  c,  one  of  which  has  grown  into  the  lomon 
of  the  vessel  forming  a  tylose  b. 
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the  contif^oas  segments  commnnicatiDg  bj  means  of  the  sieve- 
plates,  which  usually  lie  on  the  transverse  walls,  either  singly, 
when  the  transverse  wall  is  horizontal,  as  generally  in  herbaceous 
plants  (Figs.  97),  or  several  together,  when  the  transverse  wall  is 
oblique,  as  generally  in  woody  plants  (Fig.  98).  Each  sieve-plate 
is  a  thin  area  of  the  wall  which  is  perforated  by  a  number  of 
closely  placed  open  pits.  The  sieve-plate  is  covered  on  both  sur- 
faces, and  the  pits  are  lined,  by  a  peculiar  substance  termed  cMus 
(Figs.  97  0  c;  98  B  G  c;  99),  which  at  least  in  many  plants  peri- 
odically  closes  the  pits  in  autumn.  Sieve-plates  may  also  occur 
on  the  lateral  walls  (Fig.  99).     The  rest  of  the  wall  of  the  sieve- 


Fio.  97.— Sieve-tiscue  of  an  herbaceous  Anglosperm  {Cueurbita  P«po).  A  TransTene 
sieve-plate  in  surface- view;  B  in  longitudinal  section ;  0  sieve-plate  closed  by  a  plate  of 
callus  c;  c*  sieve-plate  on  lateral  wall,  closed  by  callus;  D  contents  of  tube  left  after 
solution  of  the  wall  by  sulphuric  acid ;  •  companion-cells;  pr  lining  layer  of  protoplasm ; 
u  gelatinous  contents.    (x6IO:  after  Strasburger.) 

tube  is  rather  thin  :  it  is  never  lignified,  but  consists  of  cellulose. 
The  long  straight  sieve-tubes  are  connected  in  their  course  by 
short  transverse  branches,  so  that  they  form  one  continuous  sys- 
tem of  tubes. 

In  their  normal  active  condition  each  segment  of  the  sieve-tube 
is  lined  by  a  layer  of  protoplasm  (Fig.  97  B  pr),  in  which  starch- 
granules  are  sometimes  to  be  found,  enclosing  some  gelatinous  sub- 
stance ;*  there  is,  however,  no  nucleus  present;  the  reaction  of  the 
contents  is  alkaline. 
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With  the  sieve-tnbes  of  Ang^osperms  are  closely  associated  cells, 
tinned  companion-cells  (Fig.  97  «),  which  are  filled  with  granular 
proteid  content^i  and  have  well-marked  nuclei ;  each  companion- 
cell  is  of  common  origin  with  the  corresponding  segment  of  a 
sieTe-tabe,  both  being  derived  from  one  mother-cell.  Companion- 
cells  are  not  developed  in  Gjmnosperms  and  Pteridophyta. 

The  sieve-tissae,  like  the  tracheal  tissue,  is  a  characteristic 
constitaent  of  the  vascular  tissue-system  :  it  is  very  frequently  as- 
sociated with  tracheal  tissue  so  as  to  form  one  vascular  bundle,  but 
it  may  occur  in  independent  bundles  (e.g.  in  the  pith  of  the  stem 
of  some  SolanacesB,  Campanulaceee,  and  Corapositse,  and  in  the  cor- 
tex of  the  stem  of  Cucurbitaceee,  and  some  other  plants),  and 
generally  in 
roots.  It  serves 
for  the  conduc- 
tion of  organic 
substance, 
more  especi- 
ally of  proteid 
subRtance.  Tis- 
f^neof  this  kind 
has  been  found 
to  be  present 
in  plants  so 
low  in  the 
^e  as  some 
of  the  larger 
AlgsB  (Lami- 
nariaceae). 

7.  Glamiular 
Tun^.  Under 
this     general 

term  are  included  cells  which  produce  more  or  less  peculiar  sub- 
"itances  termed  secreta^  by  a  process  known  as  secretion.  The  cells 
niay  be  isolated,  or  they  may  be  collected  into  groups ;  the  secre- 
tom  may  be  accumulated  in  the  cavity  of  the  secreting  cell,  or  it 
n»aybe  thrown  out  at  the  surface  (excreted);  the  process  of  secre- 
tion may  or  may  not  involve  the  destruction  of  the  secreting  cell. 

The  following  are  the  chief  varieties  of  glandular  tissue  : — 

(a)  Solid  multicellular  glands.  Good  examples  of  these  are  the 
chalk^lands  of  the  leaves  of  many  SaxifragaceaB  and  CrassulacesB, 


Pio.  96.-BioTe-tiMtieof  woody  plants.  Portions  of  sieve-tubes 
from  the  secondary  bast  of  the  Vine.  A  Entire  transverse  wall  and 
adjacent  parts  in  longitudinal  section  (x300);  pi  the  sie^e-plates; 
k  the  thicker  portions  of  the  cell-wall ;  h  the  protoplasmic  lining ; 
•I  gelatinous  sabstance ;  st  starch-granules.  B  Part  of  a  transverse 
wall  seen  from  the  surface.  C  The  same  in  section  (x  700) ;  p  pit«; 
c  callus ;  pi  the  four  sieve-plates. 
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and  the  nectaries  present  in  flowers  (floral  nectaries)  or  in  other 
parts  (extra-floral  nectaries)  of  various  plants.  In  both  these 
forms  of  gland  the  secretam,  chalk  in  the  one  case  and  sagar  in 
the  other,  is  in  solution,  and  is  excreted  at  the  surface.  In  the 
chalk-gland  the  secretum  escapes  through  a  special  channel,  a 
uater-stoma  (Fig.  100  i^;  see  also  Fig.  121,  p.  157).  In  the  nectary 
the  secretum  is  simply  poured  out  on  the  surface  of  the  gland. 

Chalk-glands  are  remarkable  in  that  they  are  developed  from  the  same  primary 
tissue  as  the  Tascular  bundles,  in  connexion  with  which  they  always  occur. 
These  glands  belong  in  fact  to  the  vascular  tissue-system  (see  p.  184). 


Fio.  99.— 8ieve-tig»ue  of  woody  plants.  Sarfaoe-riew  of  parts  of  two  siere-tabes  of 
Pinu9  $ylve»tri»,  with  aie^e-plates  oa  the  lateral  longitadinal  walls.  Parts  of  walls  of  these 
Bieve-tubea  treated  with  iodised  chloride  or  sine:  A  before  the  formation  of  a  callaa>plate; 
B  after  the  closure  of  the  sieves  by  callus ;  C  an  old  sieve-tube  which  is  no  longer  active, 
and  from  which  all  trace  of  callus  has  disappeared,  (x  640 :  aOer  Btrasburger.) 

(6)  Hollow  multicellular  glands  are  intercellular  spaces  sur- 
rounded by  secreting  cells,  and  are,  in  some  cases,  of  schizogenous, 
in  others  of  lysigenous,  origin  (see  p.  130.)  The  secretum  may  be 
mucilage,  or  gum,  or  a  mixture  of  gum  and  resin  (gum-resin),  or 
ethereal  oil,  or  a  mixture  of  ethereal  oil  and  resin  (balsam).  The 
cavities  are  either  rounded  closed  spaces,  or  are  elongated  canals, 
extending  for  some  distance  through  the  tissue ;  the  former  are 
usually  of  lysigenous,  the  latter  of  schizogenous,  origin. 

As  examples  of  lysigenous  hollow  glands,  may  be  mentioned  the 
cavities  filled  with  gum,  which  occur  in  the  tissue  of  Cherry-trees; 
the  oil-glands  of  the  Orange  and  Lemon,  and  in  the  leaves  of  the 
RutaceaB,  Myrtaceoe,  and  Hypericum,  where  they  can  be  discerned 
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with  the  naked  eye  as  transparent  dots.  The  development  of  these 
oil-glands  begins  with  the  division  of  one  or  two  cells  of  the 
voQng  leaf,  a  groap  of  cells  being  formed  in  the  cytoplasm  of 
which  oil-drops  make  their  appearance.  The  walls  between  the 
cells  (Fig.  101  B  C)  undergo  absorption,  so  that  a  cavity  is  formed 
which  is  bounded  by  the  closely-packed  adjacent  cells,  and  contains 
a  large  oil-drop  formed  by  the  f  asion  of  the  oil-drops  of  the  original 
cells. 

The  most  striking  examples  of  schizogenous  hollow  glands  are  the 
varioas  kinds  of  dw:tSy  sach  as  the  resin-ducts  which  permeate  the 
tissues  of  most  Conifene  and  Anacardiacesa ;  the  gum-  or  mucilage- 


fit.  100  (highly  magnified ;  after  Gardiner).— Left-hand  flf;n>re :  transTeree  section  of  the 
mugia  of  a  leaf  of  Saxi/raga  cruriata,  ihovring  the  chalk-gland  «,  which  is  continuous  at  its 
^M  irith  a  Tascolar  bundle ;  to  water-stoma ;  b  hairs  to  which  the  deposit  of  calcium 
<vi>oittte adheres  on  the  evaporation  of  the  exuded  drops  of  water.  Right-hand  figure: 
some  of  the  ceUs  of  the  gland. 

docts  of  the  Marattiaceee,  some  species  of  Lycopodium,  Cycads, 
Canna,  Opuntia,  etc. ;  the  gum-resin -ducts  of  the  Umbel lifersB,  and 
of  some  AraliacesB  and  Compositee  (TubuliBorse).  Here  the  cells  of 
the  group  formed  by  a  series  of  divisions  (Fig.  102  A  E),  separate 
from  each  other  so  as  to  leave  a  passage,  of  which  they  form  the 
wall,  and  into  which  they  pour  their  secreta. 

(c)  Sacs,  each  consisting' of  a  single  cell.  To  this  category 
belong  the  cells  which  contain  crystals,  as  those  in  the  tissues  of 
numj  Monocotyledons  (Fig.  72),  in  the  bast  of  many  dicotyledonous 
trees,  in  leaves  (Fig.  103)  and  petioles  (Fig.  71)  :  the  cells  which 
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contain  mncilage,  as  in  the  parenchyma  of  Tiliaceaa  and  Malvaces^ 
in  the  bark  of  Elms  and  Firs,  in  the  psendo-bnlbs  of  Orchids,  etc.: 

A 


Fig.  101.— Lysigenous  oil-gland  bolow 
tlie  upper  surrace  of  the  leaf  of  Dictam- 
niM  Fraxinella  ( x  320).  B  At  an  early 
stage ;  C  matare ;  o  mother-cells  of  the 
gland  before  their  absorption ;  o  a  large 
drop  of  ethereal  oil.    (After  Sachs.) 


Fie.  102.— Schizogenous  resin-dact  in  the 
yonng  stem  of  the  Ivj  (H«dera  Helix),  transverse 
section  (xSOO).  A  An  early,  B  a  later,  stage: 
g  the  resin-ducts;  o  the  cambium:  wb  the  soft 
bast;  b  bast-fibres;  rp  cortical  parenchyma. 
(After  Snchs.) 


FiO.  103.— Sac  containing  a  crystal, 
from  the  leaf  of  Rhamniu  Frangula:  • 
tipper  epidermis ;  p  palisade-tissue :  o 
ohloroplastids ;  k  the  crystal.    (  x  200.) 


Fio.  104.— Partofsection  of  the  petiole 
of  the  Camphor-tree  (Cttmamomnm 
Comphora),  showing  a  resin-sac  \, 


the  cells  which  contain  tannin,  as  in  many  Ferns  and  other  plants: 
the  cells  which  contain  oil-resin  as  in  the  Laurace®  (Camphor,  Fig. 
104),  the  Zingibcracose,  many  Conifers  (wood  of  Silver  Fir),  etc. 
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These  cells  are  frequently  arraDged  in  longitadinal  rows  :  for 
instance,  the  tannin-sacs  of  the  Hop ;  the  sacs  containing  raphides 
and  mucilage  in  Tradescantia  and  many  other  Monocotyledons ; 
the  gnm-resin  sacs  ('*  vesicular  vessels  ")  of  the  bulb-scales  of  the 
Onion;  the  sacs  containing  crystals  of  calcium  oxalate  in  the 
cortex  of  many  woody 
Dicotyledons;  the  sacs 
containing  milky  juice 
or  latex  (commonly 
^m-resin)  in  the  Syca- 
more, the  Convolvn- 
lacee,  and  the  Sapo- 
tacee  (especially  in 
Isonandra  Qutia^  the 
latex  of  which  consti- 
tates  gutta-percha). 

d.  Laticiferotu  vessels. 
These  structures  re- 
semble the  sacs  con- 
taining milky  juice 
(latex)  in  the  nature 
of  their  contents,  and 
differ  from  them  struc- 
turally only  in  that  the 
walls  between  adjacent 
cells  have  become  ab- 
sorbed, thus  forming 
sjncjtes  (p.  91). 

hi  the  simplest  case, 
the  laticiferous  vessel 
merely  consists  of  a 
longitudinal  row  of 
cells  whose  transverse 
septa  have  become  ab- 
sorbed, thus  forming  a 
syncyte  of  the  nature 
of  a  vessel.  When  two 
such  vessels  are  in  con- 
tact laterally,  the  cell-walls  are  absorbed  at  the  point  of  junction, 
and  in  this  way  a  continuous  system  of  laticiferous  vessels  is 
formed.      This   occurs   in    the   greater    Celandine   {Chelidonium 


Fio.  103.— Laticiferous  vessels  from  the  cortex  of 
the  root  of  SconoHtva  "hivpanxca^  tangential  section.  A 
BUghtlj  mstgnifled;  B  a  small  portion  highly  magni- 
fied.   (After  Sachs.) 
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maju8)y  and  in  the  Bananajs  (Masa)  where,  however,  the  latex  is 
not  milky. 

More  commonly,  as  in  the  Cichoriete  (e.gr.  Dandelion,  Scorzo- 
nera),  the  CampannlaceoB,  and  in  most  PapaveraceoB  (but  not  in 
Sanguinaria,  Glanciam,  and  Bocconia,  where  the  lat^x  is  contained 
in  sacs),  the  cell-fasions  take  place  in  all  directions,  producing  a 
dense  network  (Fig.  105). 

Structures  apparently  of  the  nafcnre  of  laticiferous  vessels  occur 
in  certain  Basidiomycetons  Fungi  (e.g. 
Lactarius). 

c.  Laticiferous  casnocytes^  commonly 
known  as  "  laticiferons  cells,"  occur  in 
some  Euphorbiacees  (Euphorbieae,  Hip- 
pomanees),  in  the  Urticaceae,  Apocy- 
naceaa,  and  Asclepiadaces.  As  already 
explained  (p.  90),  these  "  cells "  arc 
really  coenocytes ;  they  are  visible  in 
the  early  stages  of  the  development  of 
the  embryo,  and  they  grow  and  branch 
in  the  tissue  as  if  they  were  independent 
organisms  (Fig.  106).  As  they  extend 
from  otie  end  of  the  plant  to  the  other, 
they  attain  a  very  considerable  length 
in  many  cases.  Their  walls  are  fre- 
quently thickened  {e.g.  Euphorbia),  but, 
like  those  of  the  laticiferous  vessels, 
they  are  not  lignificd.  They  contain 
protoplasm  with  many  nuclei,  which 
multiply  by  mitotic  division,  and  in  the 
older  parts  latex  is  abundantly  present. 
The  latex  of  the  Euphorbiace®  contains 
curious  rod- like  or  dumb-bell-shaped 
starch-grains  (Fig.  107). 

Very  much  elongated  Btrnctures,  somewhat  resembling  the  laticiferoas 
ccenocyteB  jasfc  described,  have  been  observed  in  certain  plants,  bnt  it  is  a  qnes- 
tion  whether  tLey  are  cells  or  ccenocy  tes.  They  may  contain  tannin  (e.g»  Elder, 
PolygonaceaB),  or  latex  (Cnicns,  Cardans,  Arctinm). 

/.  Epidermal  Glands.  Whilst  all  the  preceding  forms  of  glan- 
dular tissue  are  developed  in  the  internal  tissues  of  plants,  some- 
what similar  glandular  structui-es  are  developed  from  the  snper- 
ficial  layer  (epidermis),  most  commonly  in  the  form  of  hairs  (p  64), 


Fio.  100.— A  portion  of  a  lati- 
ciferons coenocyte  dissected  oat 
of  the  leaf  of  a  Euphorbia,  (x 
120 :  after  Haberlandt.) 
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either  nnicellalar  or  multicellular.     When  the  multicellular  hair 
consists  of  a  single  row  of  cells,  the  secretion  is  generally  confined 


B  A 

Fi«.  I07.~(Higbly  mftsrn{fl«d>  ^^r  Bippel).  A  PArt  of  a  Inticiferoas 
^•plndnu.    In  the  l»t«z  are  peoaliar  rod>Bhaped  ■tarcb-graiDS. 
ferooateMela  from  the  root  of  Cwhoriunk  Intybuc. 

either  to  a  large  terminal  cell,  or  to  several  of 
the  distal  cells ;  in  any  case  the  secretion  begins 
^ith  the  terminal  cell,  and  extends  backwards  to 
other  cells  towards  the  base.  The  gland,  though 
epidermal  in  origin,  does  not,  however,  always 
project  from  the  surface,  but  may  be  more  or 
less  sunk  in  the  internal  tissue  {e.g,  glands  in  the 
leaf  of  the  Psoralea  hiria). 

The  secretum  (which  may  consist  of  mucilage, 
or  gum-resin,  or  ethereal  oil,  balsam,  etc.)  is 
accmnulated  either  in  the  cavity  of  the  secreting 
cells  (e.g,  mucilaginous  hairs  at  the  growing- 
poiot  of  Liverwort-gametophytes  and  of  Fern- 
Bporophytes),  or  between  the  external  cuticle  and 


coenocyte  of  Euphor- 
B  Network  of  latici- 


Fio.  106.  —  Glan. 
dalar  balr  from  the 
base  of  a  ramentum 
of  Atpidium  Fili* 
maa  (x200):  c,  tbe 
Becretam,  lying  be- 
tween tbe  outer  and 
inner  layers  of  tbe 
cell>wall,  e  and  m. 
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the  deeper  layers  of  the  cuticalarised  cell-wall  (e.g,  macila^noas 
hairs  [coileters'l  on  the  bads  of  many  Phanerogams,  resinous  hairs 
generally;  Fig.  108). 

§  30.  General  Morphology  of  the  Tissue-Systems. 
When  a  form  of  tissue  constitutes  a  complex  which  extends  con- 
tinuously throughout  the  body  of  a  plant,  or  over  considerable 
areas,  it  is  spoken  of  as  a  tissue-system,  for  instance,  a  laticiferous 
system,  a  resin-duct  system,  a  sieve-tube  system,  etc. ;  or  a  more 
elaborate  system  may  be  produced  by  the  combination  of  two  or 
more  systems :  for  instance,  the  sieve-tube  system  and  the  tracheal 
system  taken  together  constitute  the  vascular  tissue-system.  Fur- 
ther, by  the  study  of  the  anatomy  of  fully-developed  parts  some 
idea  can  be  obtained  of  the  relative  morphological  importance  and 
arrangement  of  the  tissue-systems.  Thus,  confinipg  attention  for 
the  present  to  the  sporophyte  of  the  Vascular  Plants  (i.e.  Pterido- 
phyta  and  Phanerogams),  it  is  found  that  some  of  these  tissue- 
systems,  such  as  the  laticiferous  system  and  the  resin-duct  sys- 
tem, are  present  in  certain  plants  only.  Since  they  are  absent  in 
the  majority  of  the  plants  under  consideration,  it  is  clear  that 
these  two  tissue-systems  can  only  be  of  secondary  importance. 
On  the  other  hand  it  is  clear  that  the  tissue-systems  which  are 
present  in  all  these  plants  and  in  all  parts  of  them,  most  be  of 
primary  importnnce.  Observation  shows  that  this  applies  to 
three  tissue-systems.  It  is  found,  first  of  all,  that  all  these  plants 
and  their  parts  (at  any  rate  when  young)  are  covered  at  the  sur- 
face  by  a  definite  membrane  consisting  of  (usually)  a  single  layer 
of  cells  constituting  the  Tegumentary  Tissue- System  (Fig.  109  e). 
It  is  found  secondly  that  tracheal  tissue  and  sieve-tissue,  either 
separate  or  closely  associated,  are  distributed  in  strands,  termed 
vascular  bundles  (Fig.  109  /),  throughout  the  internal  structure, 
constituting  the  Vascular  Tissue-System ;  and  it  is  found,  finally, 
that  the  rest  of  the  structure  of  the  plant  is  made  up  of  tissue, 
largely  parenchymatous,  but  usually  to  a  certain  extent  prosen- 
chymatous,  which  constitutes  the  Fundamental  or  Ground  Tissue- 
System  (Fig.  109  g  g). 

The  other  tissue-systems  are  subordinate  to  these  three  prin- 
cipal tissue-systems,  and  are  distributed  throughout  them;  for 
instance,  the  mechanical  tissue-system  (stereom),  including  collen- 
chyma  and  sclerenchyma,  is  developed  as  well  in  relation  with  the 
vascular  as  with  the  fundamental  tissue-system ;  and,  similarly.. 
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the  glandalar  tissne-sjBtem  is   developed  in  relation  with  either 
the  yascnlar,  the  fundamental,  or  the  tegumentarj  tissne-sjstem. 

It  is,  however,  impossible  to  arrive  at  the  essentially  morpholo- 
fncal  relations  of  the  tissne-sjsteras  without  a  stady  of  their 
development,  a  study  which  will  now  be  entered  npon  with  the 
consideration  of  the  apical  growing-points  of  the  stems  and  roots 
of  the  sporophyte  of  the  Vascular  Plants. 

As  already  pointed  out  (p.  18),  the  growing-poiut  consists,  in 
these  plants,  of  embryonic  tissue,  the  celk  of  which  may  be  of 
approximately  nniform  size,  constitnting  a  small'Celled  primary 
merittem ;  or  there  may  be  at  the  organic  apex  a  cell  conspicuously 
Ifli^er  than  the  rest,  the  apical  cell.;  or  a  gi*onp  of  several  larger 
initial  cells, 

a.  Growing-points  consisting 
of  smalUcelled  merislem  are, 
with  rare  exceptions,  to  be 
foand  iu  the  roots  and  stems 
of  Phanei'ogams,  as  also  in 
the  root  of  Lycopodium  and 
Isoetes  among  the  Pterido- 
phjta.  Although  the  cells 
are  all  embryonic,  they  never- 
theless present  such  a  degree 
of  differentiation  as  to  make 
it  possible  to  distinguish  three 
welWeBned  rudimentary  tis- 
sue-systems. 

In  the  stem,  a  growing-point 
of  this  kind  usually  presents 
the  appearance  shown  in  Fig. 
110.  It  consists,  in  the  first 
place,  of  a  well-defined  super- 
ficial layer  which,  on  being  traced  backwards,  is  seen  to  be  con- 
tinnons  with  the  primary  tegumentary  tissue  (epidermis)  of  the 
older  parts;  this  layer  is,  in  fact,  the  embryonic  epidermis  or 
dermaUtgen  (d)  ;  it  is  quite  distinct,  morphologically,,  from  the 
sDhjacent  cells,  and  is  characterized  by  the  fact  that  its  cells 
only  andergo  division  in  planes  perpendicular  to  the  surface  (anii- 
c'tnoZ),  and  not  in  any  plane  parallel  to  the  surface  (periclinal) , 
Consequently,  whilst  the  dermatogen  inci*eases  in  ai^ea,  so  as  to 
keep  pace  with  the  growing  tissues  within,  it  does  not  become 
many-layered,  but  remains  a  single  layer  of  cells. 

T.  8.  B.  L 


Fio.  109.— The  tisane-systems  in  a  cross- 
section  of  the  petiole  of  Helleborus  ( x  20).  « 
Epidermis ;  g  fundamental  tiMne;  /vascular 
system ; «  zylem ;  e  bast ;  b  sclerenchymatoua 
tissue. 
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In  the  middle  of  the  growing-point  is  a  solid  mass  of  somewhat 
elongated  cells  (p  p)  constifcnting  the  plerome,  and  terminating 
in  one  or  more  initial  cells ;  on  tracing  this  backwards  into  the 
older  part  of  the  stem  it  is  found  to  give  rise  to  a  single  axial 
cylinder  of  tissue,  the  stele,  in  which  the  vascular  tissue  is  de- 
veloped; such  a  stem  is  said  to  be  monostelic.  In  some  cases, 
however,  more  than  one  plerome-strand  is  present  at  the  growing- 
point,  and  the  stem  consequently  contains  more  than  one  stele 
(e.g,  Gunnera),  and  is  said  to  be  polystelic. 

Between  the  dermatogen  externally  and  the  plerome  internally, 
is  a  layer — less  frequently  sevei*al  layers — of  cells  constituting  the 
periblem ;  the  cells  of  these  layers  undergo  divisions  both 
anticlinally  and  periclinally,  so  that  both  the  area  of  each  layer 

and  the  number  of  the 
layers  are  increased. 
On  tracing  the  periblem 
backwards  into  the  older 
parts,  it  is  found  to  be 
continuous  with  the 
extra-stelar  fundamental 
tissue  (primary  cortex). 

The  growing-point  of 
the  root  (Fig.  Ill)  of 
one  of  these  plants  es- 
sentially resembles  that 
of  the  stem  in  its  struc- 
ture ;  the  small -celled 
meristem  is  differenti- 
ated, at  least  primarily, 
into  dermatogen,  ple- 
rome, and  periblem.  But  there  is  this  distinctive  peculiarity 
about  the  dermatogen  of  the  root,  that  its  cells  undergo  division, 
not  anticlinally  only,  as  in  the  stem,  but  periclinally  also,  so  that 
the  epidermis  of  the  root  is  many-layered  (except  in  Hydrocharis 
and  Lemna,  where  it  remains  a  single  layer).  This  many-layered 
epidermis,  however,  is  gradually  exfoliated  as  the  parts  grow 
older,  and  persists  only  at  the  apex  constituting  the  rool-cap 
(see  p.  6).  The  only  other  important  fact  to  be  noticed  at  present 
is  that  the  root  has  only  a  single  stele,  that  is,  it  is  always  mono- 
stclic. 
The  foregoing  description  is  applicable  to  all  growing-points  with  a  small- 


Fia.  110.— Median  longitudinal  seotion  of  the  grow- 
inir-point  of  the  stem  of  HippurU  vulyarts.  The 
growing-point  consists  of  a  small-celled  meristem, 
differentiated  into  dermatogen  d,  plerome  pp,  and 
periblem  consisting  of  the  fire  layers  of  cells  between 
the  plerome  and  the  dermatogen ;  I  rudiment  of  a 
leaf.    (AOerde  Bary;  x226.) 
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eeOad  merisiem.  It  is,  however,  freqaentlj  the  case,  espeeially  when  the  stem 
or  root  if  rather  balky,  that  the  distinction  of  the  initial  layers  is  not  clear,  and 
Uut  thoy  seem,  in  iact,  to  have  to  a  greater  or  less  extent  a  common  origin, 
tnd  VBiioQB  snch  "  types  **  of  structnre  of  the  growing-point  have  been 
deaeribed;  these  *'^e8"are,  however,  only  variations  of  the  relations  as 
deieribsd  above,  due  to  irregolarities  of  growth. 


^  Ul.>]|sdiaa  loBgitadinal  seoVion  throngh  the  growing-point  of  the  root  of  ffordtum 
'*If«n  (Barley) :  r  roct-cap ;  k  initial  cells  of  the  dermatogen  of  the  many-layered  epider- 
^;  <"»  eortez ;  d  epiblema  with  mocilaginooa  external  layer  of  cell- wall  o ;  i  cortical 
^>*w«iUi  iateroellnlar  spaces ;  m  endcdermii ;  the  whole  periblem  (pi-)  is  derived  from 
^  liBgle  layer  of  two  initial  cells  at  the  apex ;  pi  plerome ;  a  row  of  oelU  which  give  riae 
^^Ivgteectral  wood-veaseL    (After  Straebarger :  xl80.) 

h,  Qrowing-pointi   with  a  tingle  apical  cell  are  to  be  found  in 
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stems  and  roots  of  inost  Pteridoplijta :  for  instance,  in  the  stems 

and  roots  of  all 
Leptospoi*an- 
giate  Filicinss, 
and  in  those  of 
Ophioglossa- 
ce8B  (bot  not  in 
those  of  the 
Marattiaceee)  ; 
in  those  of  the 
^f^  Eqnisetinse; 
and  in  those  of 
some  species  of 
Selaginella  (<S. 
Martensii  and 
Kraussiana). 
The  shape  of 
the  apical  cell 
is  generally  a 
three-  sided 

Pio.  lia.-Ghrowing-poInt  of  the  stem  of  Hquiutum  arwite.  In  pjrainid    'with 

longitarlinal  ■ecUon;   f  apical  cell;    •'•"  encceaeive  segmento;  a      spherical 

p  anticlinal  segment-wall ;  m  wall  diriding  the  segment  into  an  U|,««    the   hajtp 

apper  and  a  lower  cell ;  pr  periclinal  wall  dividing  the  segment  ^    * 

into  an  inner  and  an  outer  cell ;  fff  sncoeffsive  whorls  of  leaves ;  being     at     the 

g  initial  cell  of  a  lateral  bud.    (After  Strasbarger:  x  240.)  snrface   of   the 

member  and  the  apex  being  directed  inwards ;  less  commonly  the 
apical  cell  has  only  two  sides  or  flanks  and  is  then  somewhat  len- 

ticnlar  in  shape 
(e.g.  that  of  the 
rhizome  of  Fteris 
ctquilina,  stem  of 
Salviniaceffi,  and 
frequently  in  the 
above  species  of 
Selaginella). 

In  growing* 
points  of  this 
strnctare  it  is 
seen  (Fig.  112) 
that  the  embry- 
onic  tissne-systems  are  not  continnoas  as  in  the  Phanerogams, 


Fxo.  113.— Diagrams  illustrating  the  division  of  the  apical 
coll  of  the  stem  of  Eqnisetum ;  A  longitudinal  section ;  B  sur. 
face  view.  The  numbers  1-7  indicate  the  successive  segmental 
walls;  the  fainter  lines  indicate  the  walls  of  subsequent  divi- 
slons  of  the  segments. 
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bot  are  intermpted  at  the  apex  hj  the  large  apical  cell.  The 
apical  cell  is,  in  fact,  the  initial  cell  for  all  the  tissue-systems. 
The  apical  cell  nndergoes  division  by  walls  formed  parallel  to 
each  of  its  (two  or  three)  flanks  successively,  the  segments  thus 
formed  growing  and  dividing  to  form  the  tissues  of  the  stem  or 
root  In  the  root  the  apical  cell  also  undergoes  divisions  parallel 
to  its  curved  base.  After  the  cutting  off  of  a  segment  the  apical 
cell  grows  to  its  previons  size,  so  that  the  repeated  segmentation 
does  not  diminish  the  bnlk  of  the  apical  cell. 

The  most  important  morphological  fact  in  connection  with  the 
subsequent  division  of  the 
segments  cut  off  from  the 
flanks  of  the  apical  cell  is 
that  each  such  segment 
is  divided  by  a  periclinal 
wall  into  an  external  and 
aa  iutemal  half  ;  from  the 
external  half  are  developed 
cells  belonging  to  the  cor- 
tical  ground-tissue,  the 
oatermost  layer  of  which 
eventnally  acquires  the 
characters  of  an  epider- 
mis, thongh  it  is  not  the 
morphological  equivalent 
of  the  epidermis  of  the 
stem  of  Phanerogams,  but 
ia  only  the  external  layer 
of  the  cortex,  being  of 
oommon  origin  with  the 
other  cortical  layers ;  from 
the  internal  half  of  the 
segment  is  developed  a  portion  of  one  or  more  plerome-strands, 
and  a  certain  amount  of  internal  ground-tissue  as  well. 

The  segments  cut  off  parallel  to  the  base  of  the  apical  cell  of 
the  root  (Fig.  114  c' ;  Fig.  115  Zf)  represent  a  true  derraatogen,  a 
stmctore,  which,  as  mentioned  above,  is  wanting  in  the  stem. 
These  dermatogen-segments  grow  and  divide  both  anticlinally  and 
periclinally  to  form  the  root-cap  (Fig.  114  c  c ;  Fig.  115  1^) ;  but 
this  many-layered  epidermis  only  persists  at  the  growing. point, 
nnoe  it  becomes  entirely  exfoliated  as  the  parts  grow  older. 


Fio.  114.~Dtagr»m  of  growing,  poixit  of  a  Forn- 
rooc  A  A  Anticlinal  walls ;  P  P  periclinal  walls  ; 
9  apical  cell ;  b  b  a^ments  cut  off  from  the  flanks 
of  the  apical  cell;  c*  segment  cut  off  the  base 
of  the  apical  cell ;  c  e  cells  derived  from  yrevious 
segments  cat  off  from  the  base  of  the  apical  cell, 
now  forming  the  root^^ap.    (After  Bower.) 
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c.  Qronnng-points  mth  a  group  of  common  initial  cells  occur  in 
certain  Pteridophjta  (e.g.  in  the  stems  and  roots  of  Marattiaceo*, 
of  Osmnnda  sometimes;  stems  of  Lycopodiam,  Isoetes,  some 
Selaginellas).  In  these  cases,  there  is  a  group  of  frequently  foar 
cells  which  are  the  common  initials  of  the  tissue-systems.  The 
general  relations  of  the  tissue-systems  are   here   essentially  the 

P  Pb 


Fio.  116. •Median  lonfritudiaal  section  throagh  the  apex  of  the  root  of  Pter^B  cr«(iea ;  < 
apical  cell;  h  initial  segment  of  dermatogen;  fc",  ontermost  layer  of  root-cap;  p  wall  mark- 
ing limit  betvreen  the  plerome  P  and  the  periblem  Pb ;  e  wall  marking  the  inner  limitoof 
the  outer  cortex.    (After  Strasbarger :  x240.) 

same  as  in  those  forms  in  which  the  growing-point  has  a  single 
apical  cell :  in  these  cases,  as  in  those,  there  is  no  properly  differ- 
entiated dermatogen  in  the  stem,  and  consequently  there  is  no  layer 
.which  is  morphologically  equivalent  to  the  epidermis  of  the  stem 
in  the  Phanerogams. 
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The  Orowing-point  in  the  lower  planti.  In  the  gametopbyte  of  the  Bryophyta, 
the  growing-point  of  the  stem  or  of  the  thallus  has  either  a  single  apical  cell 
(all  ICoaaes;  JnngermanniaoeiB)  or  a  group  of  apical  cells  (Marohantiocess,  Antho- 
eerotaoes) :  the  growing-point  of  the  sporophyte  of  the  Liverworts  has  a  group 
of  four  initial  cells,  whilst  that  of  the  Mosses  has  a  single  two-sided  apical  cell. 
In  none  of  these  plants  is  there  a  trne  dermatogen  ;  conseqaently,  like  the  stem 
of  the  Pteridophyta,  they  are  destitute  of  a  troe  epidermis.  In  both  the  stem  of 
the  gametopbyte  and  the  thalloid  shoot  of  the  sporophyte  of  certain  Mosses, 
what  may  be  regarded  as  a  single  central  stele  is  differentiated. 

In  the  higher  Algie,  the  shoot  (or  thallus)  also  grows  by  means  of  a  single 
apical  cell:  in  the  more  filamentous  forms  {e.g.  some  FloriJes,  CharaceiB)  the 
apical  cell  is  hemispherical  in  form,  and  segments  are  cut  off  by  transverse  walls 
in  one  plane  only ;  in  other  more  bulky  forms  of  FloridesB  there  is  a  group  of 
initial  cells ;  in  nearly  all  these  forms  a  more  or  less  distinct  differentiation  of 
a  central  medullary  tissue  and  of  a  cortical  tissue  takes  plaoe  :  in  the  Fncacese 
there  is  a  single  apical  cell  in  the  growing-point,  wish  either  three  or  four  flanks 
along  which  segments  are  cut  off;  when  the  apical  cell  is  four- sided,  segments 
are  also  cat  off  internally  along  the  truncate  base  of  the  cell ;  the  tissues  soon 
&how  differentiation  into  a  cortical  and  a  medullary  region. 

Inunseptate  or  imperfectly  septate  plants,  having  apical  growth  {e.g,  Siphon- 
aoeoiis  Algs,  Gladophora,  etc.),  the  growing-point  (like  the  rest  of  the  body)  is 
not  eellnlar,  but  consists  merely  of  embryonic  protoplasm. 

d.  Tke  Morphology  of  the  Stele.  The  plerome,  constituting  the 
young  stele,  always  gives  rise  to  vascular  tissue  and  usually  to  a 
oertain  amount  of  fundamental  tissue  which  is  distinguished  as 
intra-itelar  fundamental  tissue,  or  more  briefly  as  conjunctive  tissue. 

The  first  indication  of  the  development  of  vascular  tissue  in 
the  stele  is  afforded  by  the  differentiation  of  a  varying  amount  of 
frocamhium  or  primary  desmogen^  consisting  of  somewhat  elongated 
narrow  cells  formed  by  repeated  longitudinal  division,  which  is 
the  embryonic  tissue  from  which  the  vascular  tissue  is  eventually 
formed.  The  procambium  frequently  constitutes  one  solid  central 
strand,  surrounded  by  more  or  less  conjunctive  tissue  constituting 
the  pertcycle ;  this  is  sometimes  the  case  in  slender  roots  (see 
Fig.  131),  in  slender  monostelic  stems  {e.g.  many  aquatic  Phanero- 
gams, such  as  Callitriche,  Myriophyllum,  Elodea,  Naias ;  rhizomes 
of  Adoxa,  Gorallorhiza,  Epipogum ;  among  Pteridophyta,  Isoetes, 
Salvinia,  Azolla,  Psilotum,  Lycopodium,  Hymenophyllum,  Lygod- 
inm,  Gleichenia,  Schizsea),  and  generally  in  the  steles  of  poly- 
«telic  stems.  More  commonly,  however,  the  procambium  of  stout 
roots  and  monostelic  stems  is  developed  as  a  number  of  strands 
Tarioosly  arranged  in  the  stele,  generally  in  a  circle  or  in  several 
circles ;  the  strands  thus  forming  an  incomplete  hollow  cylinder 
eaclonng  a  central  mass  of  conjunctive  tissue,  the  medulla  or  pith, 
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whilst  the  conjianctiye  tissue  between  the  strands  constitates  the 
medullat'y  rays, 

In<  all  cases  the  stele  (whether  one  or  more)  is  at  an  early  sta^^e 
marked  off  fi-om  the  extra-stelar  g^x>Qnd- tissue,  the  layer  of  the 
ground- tissue  which  abuts  on  the  stele  being  specially  differentiated 
as  a  sheath,  the  endodermis  (see  Fig.  116  End,)^  which  forms  a 
continuous  covering  to  the  stele  or  any  isolated  portion  of  it. 

All  primary  stems  are  typically  monostelic  to  begin  with,  bat 
as  they  increase  in  bulk  this  type  of  structure  is  departed  from 
in  various  ways ;  typical  monostely  is,  however,  the  rale  in  the 
stem  of  Phanerogams,  and  is  frequent  in>  that  of  Pteridophyta  (in 
Hymenophyllum,-  Trichomanes,  Lygodium,  Gleichenia,  Osmunda, 
Todea,  lower  part  of  the  stem  of  the  Ophioglossaceae,  Salvinia, 
AzoUa,  Lycopodium,  Isoetes,  some  species  of  Selaginella). 

The  variations  from  the  primitive  monostelic  structure  are 
polystely  (p.  146)  and  schtzostely.  In  poly stely,  the  whole  of  the 
single  stele  passes  over,  as  the  stem  grows  and  enlarges,  into  a 
varying  number  of  steles  which  can-  be  traced  to-  the  growing- 
point  as  distinct  plerome^-sti-ands.  Polystely  is  rai'e  in  stems 
which  have  a  growing-point  without  an  apical  cell,  whilst  it  is 
common  in  stems  where  the  growing-point  has  an  apical  cell : 
hence  it  is  rare  in  Phanerogams  (occurs  in  Auricula  and  Gunnera), 
and  is  common  in  Pteridophyta  (especially  Leptosporangiate 
Ferns,  and  some  Selaginellas). 

An  important  modification  of  the  polystelic  structure  is  that 
which  is  termed  gamostelic ;  in  this  case  the  several  steles  are  not 
distinct  for  any  considerable  distance  in  their  longitudinal  course; 
but  some  or  all  of  them  fuse  with  each  other  at  more  or  less 
frequent  intervals  for  longer  or  shorter  distances  ;  this  is  common 
in  Ferns,  Marsilea,  etc. 

In  schizostely,  the  single  primitive  stele  breaks  up  into  as  many 
distinct  strands  as  it  possesses  vascular  bundles ;  and  since  each 
such  strand  may  consist  of  but  little  more  than  the  vascular 
bundle  with  a  pericycle,  the  chief  part  of  the  conjunctive  tissue 
of  the  primitive  monostele  is  excluded  from  the  schizosteles, 
and  becomes,  in  fact,  extra-stelar  ground-tissue  (see  Fig.  116  B), 
each  scbizostele  being  invested  by  its  own  segment  of  the  en- 
dodermis.  This  obtains,  among  Phanerogams,  in  the  Kymphseace®, 
Hydrocleis,  Limnocharis,  some  species  of  Kanunculus  (JS. 
aquaiilis  and  Lingua)  ;  among  Pteridophyta,  in  the  upper  part  of 
the  stem  of  the  Ophioglossaceaa,  and  in  Equisetum.     The  schizo- 
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steles  maj  remain  distinct  in  the  intemodes,  or  they  may  fuse 
more  or  less  (Fig.  116  0). 

The  general  morphology  of  the  tissnes  of  the  leaf  is  essentially 
the  same  as  that  of  the  stem  which  bears  it.  When  the  stem  is 
poljstelic,  ene  or  more  complete  steles  enter  the  petiole  of  the  leaf 
which  is,  conseqaently,  either  monostelic  or  polystelic.  When 
the  stem  is  monostelic,  each  leaf  receives  a  portion,  termed  a 
merUtele,  of  the  stele  of  the  stem ;  this  meristele  may  be  either 
entire,  or  be  split  np  into  a  number  of  schizosteles,  each  of  which 
nukj  consist  of  bot  little  more  than  a  vascular  bundle. 


— Sndl 


Fi«.  116  —Portions  of  transTerse  sections  of  stems  of  species  of  Eqnisetum,  illustrating 
■ehttoitdy  (after  Pfitser:  x  38).  B  Typical  schizostelic  rhizome  of  B.  lUoraU;  C 
Kfaiaosteijc  gamodesmic  rbisome  of  B.  filvcUicitm;  A  aerial  stem  of  E.  paluatre,  in  which  the 
RHKtare  is  the  same  as  in  C,  but  the  markings  of  the  internal  endodermal  layer  are  not 
<ief eloped,  so  that  the  stem  appears  to  be  monostelic ;  a  central  cavity ;  h  vallecalar 
csnties  in  (be  cortex ;  c  carinal  caritics  in  the  echizosteles ;  End.  endodermis. 

The  primary  tissues — that  is,  the  tissues  which  are  developed 
from  the  primary  meristem  of  a  growing- point  or  of  an  embryo — 
will  now  be  considered  in  detail.  The  following  account,  unless  it 
is  expressly  stated  otherwise,  refers  exclusively  to  the  sporophyte 
of  the  Vascular  Plants. 

§31.  The  Primary  Tegumentary  Tissue.  The  primary 
tegimientary  tissue  may  be  generally  described  as  the  external 
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layer  of  cells  covering  the  body  of  the  plant,  and  is  commonly 
termed  the  epidermis ;  but  neither  the  morphological  nature  of 
this  tissue,  nor  its  stmctnre,  is  uniform  throaghoat  the  Vegetable 
Kingdom. 

Morphology.  A  triM  epidermis  only  exists  in  those  plants,  and  in 
those  parts  of  them,  where  there  is  a  definite  dermatogen  ;  a  true 
epidermis  can,  therefore,  only  be  present  in  the  Phanerogams  and  in 
the  roots  of  the  Pteridophyta,  in  view  of  the  structure  of  the  grow- 
ing-points as  described  in  the  previous  paragraph,  and  the  word 
epidermis  is,  strictly  speaking,  only  applicable  to  such  a  tegumen- 
taiy  tissue.  It  is,  however,  convenient  to  apply  this  term  gene- 
rally to  the  primary  tegumentary  tissue  of  the  shoot,  and  to  apply 
the  term  epiblema  to  the  primary  tegumentary  tissue  of  the  root, 
apart  from  the  root-cap. 

As  regards  the  shoot,  whilst  there  is  a  true  epidermis  in 
Phanerogams,  that  of  the  Pteridophyta  (as  also  of  the  lower  plants) 
is  merely  the  external  layer  of  the  cortex 

In  the  root  there  is  considerable  variety  in  the  morphological 
nature  of  the  epiblema.  Thus,  in  Hydrocharis  and  Lemna,  the 
dermatogen  is  and  remains  a  single  layer  of  cells  which  persists 
in  the  adult  portion  of  the  root  as  the  epiblema  which  is,  therefore, 
a  true  epidermis  morphologically  equivalent  to  .that  of  the  stem. 
In  most  cases,  however,  the  dermatogen  becomes  many-layered; 
this  persists  at  the  apex  as  a  root-cap,  but  gradually  exfoliates  on 
the  older  parts  behind  the  apex,  either  partially,  so  that  a  single 
layer  of  it,  the  innermost,  persists  as  the  epiblema  of  the  root  (as 
in  most  Dicotyledons,  Gymnosperms,  Lycopodium,  Isoetes) ;  or 
entirely  (as  in  Monocotyledons,  and  in  Nympha^aceae  among  Dicoty- 
ledons), so  that  the  epiblema  is  merely  the  external  layer  of  the 
cortex.  The  root  of  Pistia  and  Pontederia  lias  no  dermatogen,  and 
consequently  no  epidermis  at  all,  the  epiblema  being  the  external 
layer  of  the  cortex  :  the  root  of  these  plants  is,  in  this  respect, 
quite  similar  to  the  shoot  of  the  Pteridophyta,  etc.,  mentioned 
above. 

Structure,  In  the  great  majority  of  cases  the  primary  tegumen- 
tary tissue  consists  of  a  single  layer  of  cells ;  but  to  this  rule  there 
are  several  important  exceptions.  Thus,  the  epidermis  of  the 
foliage- leaves  of  certain  plants  (ey.  Ficus,  Peperomia,  Begonia) 
consists  of  two  or  more  layers  of  cells.  Similarly,  the  root-cap  to 
be  found  in  nearly  all  roots  is  a  many-layered  epidermis.  Again, 
the  aerial  root  of  certain  epiphytic  plants  (Orchids,  Aroids)  has 
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a  manj-lajered  epiblema,  known  as  the  velamen,  consisting  of 
empt/  tracheidal  cells  with  reticulated  and  perforated  walls 
(we  p.  134). 

The  cells  of  the  epidermis  of 
the  shook  of  land-plants,  are  cha- 
racterised bj  the  thickening  and 
eoticQlarisation  of  their  cell- walls 
(Ree  p.  132).  The  external  wall  is 
Q^aalljmach  more  thickened  than 
the  other  walls;  its  oatermost 
lajer,  termed  the  cuticle^  is  always 
cQticalarised,  and  is  clearly  defined 
from  the  inner  layers,  which  may 
be  also  more  or  less  cnticnlarised. 
The  cQticle  may  be  stripped  ofF  as 
a  membrane,  over  a  considerable 
area;  it  frequently  forms  sarface- 
projections.  Particles  of  wax  are 
included  in  the  cuticle  of  many 
plants,  and  serve  to  prevent  the 
sorface  from  being  wetted  by 
water.  This  wax  often  appears 
on  the  surface  in  the  foi-m  of  small 
j^nales,  rods,  or  6akes,  and  this 
foroM  the  hloom  which  is  easily  wiped  off :  it  sometimes  attains  a 
considerable  bulk,  as  in  the  fruits  of  Myrica  cerifera  and  the  trunks 
of  some  Palms  (OeratoxyUm 
aniicola,  and  Klopstodiia  ceri' 
jtra).  The  epidermal  cells 
are  sometimes  '  sclerotic,  as 
in  prickles,  thorns,  and  leaf- 
spines.  Chloroplastids  are 
not  nsnally  present  in  the  epi- 
dermal cells  of  land-plants ; 
they  are  to  be  found,  how- 
ever, in  the  cells  of  most 
Ferns,  of  Selaginella,  and 
of  some  Phanerogams,  more 
especially  aquatics. 

The  form  of  the  epidermal  cells,  as  seen  in  surface  view,  presents 
oontiderable  variety.     Generally  speaking,  the  cells  of  an  elon- 


Fxe.  117.— Part  of  a  transyerae  aeciion 
of  the  air-root  of  an  Orchid :  «  maay. 
layered  epiblema,  or  velainen ;  c  cortex. 
(Hagnifled;  after  Unger.) 


Fig.  118.— Epidermis  («)  with  a  stoma  (S)  from 
a  oroM-section  of  a  leaf  of  Hyocinthitt  oritntaliB 
( X  800) :  p  parenchyma  of  the  fundamental 
tissue  i  t  an  air*cavity. 


156 


PART  n. — THE   INTIMATE   STRUCTDBE  OF   PLANTS. 


[§31. 


gated  member  are  themselves  elongated  in  the  same  direction  as 
the  member ;  whereas,  in  broad,  flattened  members,  there  is  less 
difference  between  the  diameters  of  the  cells ;  in  either  case  the 
side- walls  of  the  cells  very  frequently  have  an  undulating  oatline, 
so  that  adjoining  cells  fit  closely  together  forming  a  continuous 
membrane,  the  continuity  of  which  is,  however,  interrupted  in 
certain  cases  by  well-defined  apertures,  termed  stomata,  which 
permit  communication  between  the  intercellular  spaces  of  the 
internal  tissues  and  the  external  air. 

The  Stomata  are  confined  exclusively  to  the  sporophyte-genera- 
tion,  and  make  their  first  appearance  in  the  Moss-sporogonium. 
Each  stoma  is  an  aperture  bounded  by  two  (sometimes  only  one,  as 

in  the  Mosses)  specialised  epi- 
dermal cells,  termed  guard-cells, 
which  always  contain  chloro- 
plastids  (Fig.  119).  The  aperture 
of  the  stoma  leads  into  the  air- 
cavity  (Figs.  118,  120),  a  lai^e 
intercellular  space  between  the 
epidermis  and  the  subjacent 
tissue,  which  communicates  with 
other  more  internal  intercellular 
spaces.  The  stoma  originates 
thus :  a  young  epidermal  cell  is 
divided  by  a  septum  into  two 
halves,  each  of  which  becomes 
a  guard-cell ;  the  septum  then 
gradually  splits  into  two  and 
thus  the  aperture  between  the 
guard-cells  is  formed;  when  the  septum  does  not  quite  reach 
across  the  mother-cell,  the  aperture  is  surrounded  by  a  single 
annular  guard-cell,  as  in  the  Mosses.  The  size  of  the  aperture 
may  be  increased  or  diminished  by  changes  in  the  bulk  of  the 
guard-cells ;  the  mechanism  and  conditions  of  this  process  are 
cousideied  in  Part  IV,  (p.  698). 

Stomata  are  found  on  almost  all  sub-acrial  parts  of  the  sporo- 
phyte  of  land-plants  from  the  Mosses  upward;  they  are  especially 
abundant  on  leaves  (as  many  as  600  to  the  square  millimetre), 
and,  in  dorsiventral  leaves,  more  particularly  on  the  lower  (dorsal) 
sni'face,  but  in  floating  dorsiventral  leaves  (e.g.  Nymphesa)  they 
are  confined  to  the  upper  surface ;  in  radial  and  isobilateral  leaves 


Fro.  119.— Stomaof  aleaf  of  C>mm0T|/na 
ccelMtit,  surface  vien  (k  800) :  ap  opening; 
Bz  the  two  i^aard-oella  sorroimded  by 
several  subsidiai-y  epidermal  cells. 
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the  distribution  of  the 
stomata  is  uniform  on  all 
sides;  they  are  wanting 
in  sabmerged  leaves,  and 
are  always  absent  from 
roots. 

A  peculiar  form  of  stoma  is 
found  in  some  plants,  knowD  as 
I  vaUr-Mtoma  (Fig.  121).  It  con- 
Bsts  of  two  large,  almost  spbe- 
riesl,  guard-cells  which  cannot 
liter  their  form  so  as  to  close  the 
apertare.  Water- stomata  occur 
on  the  leaves  of  some  of  those 
pUnts  {e,g,  Alchemilla,  Cras- 
sala,  Ficus,  Saxifraga,  Colo- 
cans,  Papaver,  TropflBolum) 
which  excrete  water  in  the  form 
of  drops ;  they  are  sitoated  over 
the  termination  of  the  yascalar 
Vondles  on  the  margins  or  at 
the  apex  of  the  leaf;  when 
chalk-glands  are  present  (p. 
137),  vater-stomata  are  de- 
eped in  connexion  with  them 
(seeFJg.  100). 

In  some  plants  {e.g.  Grasses) 
«bich  excrete  drops  of  water, 
the  vater  escapes  through  fis- 
ores  in  the  epidermis  of  the 
leaf. 

The  epidermis  of  the 
submerged  shoots  of 
water-plants  differs  from 
tiiatof  land-plants  in  that 
it  is  not  cnticnlarised,  in 
^be  absence  of  stomata, 
^d  in  that  its  cells  fre- 
•inentlj  contain  chloro- 
pltstids. 

The  epiblema  of  the 
^Uerranean  root  is  com. 
^only  known  as  the  pilu 


Fre.  ISO.— Kpidermis  with  Rtomato,  from  the 
lower  surface  of  the  leaf  of  UtUehorxu  fatiduM :  A 
in  section  ;  B  s urfaoe  view  ( x  300) ;  •  epldermnl 
cells;  0  cuticle;  I  thickenings  of  the  external 
wmll;  /  foils  of  the  lateral  walls;  •  stoma;  ts 
guard-cells;  tp  aperture;  a  air-cavity;  ol  meso- 
pbyll. 


Fio.  Ul.— Water-stoma  firom  the  margin  of  the 
leaf  of  Tropctolum  maj\u,  with  snrroanding  epider- 
mal cells.    (After  Strasborger:  x  S40.) 
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ferous  layer  because  it  is  the  layer  from  which  the  root-hairs 
(see  p.  65),  when  present,  are  developed.  Its  cell-walls  are  not 
cnticalarised,  but  are  frequently  (especially  in  the  root-hairs) 
more  or  less  mucilaginous.  It  is  generally  of  but  short  duration, 
and  to  be  found  only  on  the  younger  parts  of  roots  which  are  the 
regions  of  active  absorption. 

In  aerial  roots  (Orchids,  etc.)  where  the  epiblema  persists  as  a 
velamen  (see  Fig.  117,  p.  155)  of  one  or  several  layers  of  cells, 
the  walls  are  thickened,  cuticularised  (especially  the  superficial 
layer),  and  somewhat  lignified. 


hr( 


Fig.  122.— Hairs  on  a  young  ovary  of 
Gncorbita  (x  100):  b  gland  alar  hair;  ct/ 
early  stages  of  development. 


V 


FiG.133.— Rool 
hairs  (fc)  on  the 
primary  root  (w) 
of  a  seedling  of 
the  Baokwheat : 
^hypocotyl;  oe 
cotyledons. 


The  many-layered  root-cap  (see  p.  146),  in  its  younger,  more 
internal  part,  consists  of  parenchymatous  cells,  with  cell-walls  of 
cellulose,  forming  a  compact  tissue  without  intercellular  spaces. 
As  the  cells  grow  older,  and  come  to  be  situated  more  externally, 
they  lose  their  protoplasmic  contents.  The  disintegration  of  the 
root-cap  is  due,  in  some  cases,  to  the  mucilaginous  degeneration  of 
the  middle  lamella  of  the  cell- walls  ;  whilst  in  other  cases,  where 
the  cell-walls  become  cuticularised,  the  superficial  layers  of  the 
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cap  are  snccessivelj  split  off  and  exfoliated  bj  the  pressure  of  the 
internal  growing  tissues. 

Hairs  (see  p.  64),  are  frequently  developed  on  the  primary 
tegamentarj  tissue,  and  are  generally  formed  each  as  an  outgrowth 
of  a  single  superficial  cell  (Fig.  1 22 ;  see  also  Fig.  40,  p.  65 ;  and 
Fig.  108,  p.  143). 

The  hairs  of  the  snbaerial  parts  of  plants  are,  like  the  epider- 
mal cells,  cuticularised.  In  many  cases  the  protoplasmic  contents 
disappear  at  an  early  stage  (as  in  Cotton,  the  hairs  on  the  outer 
coat,  or  testa,  of  the  seed  of  Gossypium)  and  are  replaced  by  air. 
Sometimes  the  cell-wall  contains  deposits  of  lime  or  of  silica.  The 
hftirs  are  frequently  glandular  (see  p.  142). 

The  root^bairs  (Fig.  123 ;  also  see  p.  65)  are  developed  each 
from  a  single  cell  of  the  epiblema  or  piliferous  layer ;  they  are  not 
developed  in  the  immediate  neighbourhood  ot  the  growing-point 
but  at  some  little  distance  behind  it.  Moreover,  as  they  grow 
older,  the  root-hairs  die  off ;  hence  they  are  only  to  be  found  on  a 
Terj  limited  region  of  a  primary  or  a  secondary  root. 

§  32.  The  Fundamental  Tissue-system,  or  Qround-tisiue, 
is  constituted  by  the  tissue  which  belongs  neither  to  the  epidermis, 
on  the  one  hand,  nor  to  the  vascular  tissue  on  the  other.  Two 
r^onsof  this  tissue-system  are  distinguishable,  according  to  their 
relation  to  the  stele,  as  extra-stelar  and  wtra-stelar;  the  former 
beiDg  developed  f i-om  the  peribbm,  the  latter  from  the  plerome, 
of  the  growing-point. 

The  Exira-stelar  Fundamental  Tissue, — Morphology,  The  limits, 
of  this  tissue  vary  with  the  structure  of  the  part  concerned. 
When  the  part,  whether  it  be  stem,  leaf,  or  root,  has  a  true  epi- 
dermis (see  p.  154),  the  external  limit  of  the  extra-stelar  tissue 
is  the  layer  of  cells  lying  immediately  beneath  the  epidermis; 
when,  however,  there  is  no  true  epidermis,  the  extra-stelar  tissue 
extends  to  the  surface,  and  the  superficial  tegumentary  layer  is 
merely  its  external  layer.  Again,  when  the  member  is  mono- 
itelic,  the  internal  limit  of  the  extra-stelar  tissue  is  the  layer 
termed  the  endodermis^  which  abuts  upon  the  central  stele  ;  in  this 
case  the  extra-st^elar  tissue  consists  of  several  layers  of  cells 
bounded  externally  by  the  true  epidermis  (if  present),  or  reaching 
to  the  surface,  and  bounded  internally  by  the  stele,  when  it  is 
spoken  of  as  the  cortex  of  the  member  of  which  it  forms  part.  In 
a  poljstelic  member,  the  internal  limit  of  the  extra-stelar  tissue  is 
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sfcill  the  endodermis,  but  each  Individ aal  stele  is  invested  by  a 
distinct  endodermis ;  here  the  fundamental  tissue  includes  not 
merely  the  cortex,  bat  also  the  tissue  between  and  among  the 
steles.  The  relations  of  the  parts  are  very  much  the  same  in  a 
schizostelic  as  in  a  poljstelic  member  (see  Fig.  116  ^). 

The  following  are  the  regions  or  layers  of  the  primary  extra- 
stelar  tissue  which  can  be  distinguished  morphologically. 

1.  The  tegumentary  tissue,  in  those  parts  in  which  there  is  no 
true  epidermis. 

2.  The  hypoderma  is  the  external  layer  (or  layers)  of  the  funda- 
mental tissue  where  a  true  epidermis  is  present ;  when  the  integu- 
mentary tissue  is  not  a  true  epidermis  but  is  derived  from  the 
external  layer  of  the  cortex,  the  hypoderma  is  derived  fit)m  the 
outermost  layer  but  one  of  the  primitive  cortex  (periblem) ;  in  the 
root,  the  hypoderma  is  distinguished  as  the  exodermis, 

3.  The  general  ground-tissue. 

4.  The  endo<1ermi$,  the  layer  of  the  ground-tissue  which  abuts 
on  a  stele;  in  the  root  the  endodermis  is  the  innei*most  layer  of  the 
internal  cortical  tissue. 

Structure.  Speaking  generally,  the  exti'a-stelar  fundamental 
tissue  consists  mainly  of  parenchymatous  cells  which  have  cellu- 
lose walls  and  retain  their  protoplasmic  cell-contents ;  however, 
supporting-tissue  (stcreom)  is  largely  differentiated  in  the  funda- 
mental tissue,  whether  as  a  eollenchyma  or  as  sclerenchyma.  In 
cylindncal  members  (stems,  roots,  etc.)  the  cells  are  generally 
somewhat  elongated  in  the  direction  of  the  long  axis  of  the 
member. 

1.  The  tegumentary  iitsue  derived  from  the  periblem  has  already 
been  described  (p.  154). 

2.  The  hypoderma  of  stems  and  leaves  commonly  consists  of 
stereom,  either  collenchymatous  or  sdlerenchymatous  : 

collenchymaious  hypoderma  is  especially  characteristic  of  the 
stems  and  leaf-stalks  of  herbaceous  Dicotyledons  (see  Fig.  91,  p. 
132),  but  it  occurs  also  among  Pteridophyta  in  the  petioles  of  the 
MarattiacesB : 

sclerenchymatous  hypoderma  may  form  a  continuous  layer  of 
more  or  less  prosenchymatous  cells  (e.g.  stem  of  some  Ferns, 
Equisetum  hiemale,  most  Selaginellas,  Casuarina,  leaf  of  many 
Cycads,  Conifers,  some  Orchids,  etc.)  ;  or  it  may  form  numerous 
isolated  strands  (e.g.  stems  of  CyperacesB,  species  of  Juncus  [Fig. 
124  0],  some  Umbelliferse  and  PapilionacesB,  many  Equisetums ; 


§32.] 


CHAPTER  n. — ^THE   TISSUES. 


161 


leaf-blade  of  terrestrial  forms  of  Isoetes,  and  of  C jperaceoB,  Typha, 
Spaiganium,  Dasylirion,  Phormium,  many  Palms,  Welwitschia). 
The  spines  of  leaves  {e.g.  Holly),  also  entire  spiny  leaves  or 
stipules,  varions  emergences,  such  as  the  wai*ts  of  Aloe  verrucosa  and 
the  prickles  of  the  Rose,  and  the  thorny  branches  of  many  plants 
(c.^.  Hawthorn,  etc.)  owe  their  hardness  mainly  to  the  develop- 
ment of  sclerenchymatons  hypoderma,  the  cells  of  which  ai-e 
generally  elongated  and  fibrous,  though  they  may  be  short  as  in 
Aloe  verrucosa  and  the  Rose. 

A  peculiar  form  of  hypoderma,  termed  aqueow  tistue,  is  present  in  the 
l»Tw  of  certain  plants  {e,g,  some  Ferns,  Polypodium  Lingua^  Aspidium 
coriactum ;  species  of 
Tndeflcantia ;  also  in 
the  Scitamines,  var- 
wa  Pahns,  Orchids, 
BromelisceaB,  etc.) ; 
it  eoosists  of  one  or 
more  layers  of  thin- 
wtUed  parenchyma- 
tous cells,  destitute 
of  ehloroplastids, 
containing  much 
vitery  sap,  and 
ananged  closely  to- 
gether without  Inter- 
spaces; the  tissue 
ierree  as  a  reservoir 
tor  water. 


Fie.  124.— Diagnm  (after  Sohwendener)  illastrating  the  dis- 
tribution of  the  8iipportmg>tiBsae  or  stereom,  as  eeen  in  trans- 
Terse  section  of  stems :  A  of  ilrum  maoulatum  having  isolated 
cortical  stereom-strands;  B  of  ilUtum  vinea'e,  with  continuoas 
pericydio  stereom-ring ;  C  of  JuncuM  yZaueiu  (hollow),  with 
bypodenual  stereom-strands  and  conjanotive  stereom-Btrands : 
/vascular  bundles ;  •  stereom-strands ;  I  air-oavities. 


The  hypoderma 
of  the  root,  the 
aodermis,  com- 
monly consists  of 

&  single  layer  of  cells,  bnt  in  some  plants  the  primitive  layer 
undergoes  periclinal  divisions,  so  that  the  exodermis  comes  to  con- 
sist of  several  layers  (e.^.  the  Date,  Pandanns,  Asparagus,  etc.). 

The  walls  of  the  exodermal  cells  generally  undergo  cnticnlarisa- 
tion  and  frequently  become  very  ^uch  thickened,  especially  on 
the  lateral  and  external  walls,  in  view  of  the  position  which  it 
eventnally  occupies  as  the  external  layer  of  the  root  (see  p.  158). 
In  some  cases  it  presents  a  peculiar  localised  thickening  in  the 
form  of  a  band  extending  round  the  upper,  lower,  and  lateral 
walls  of  the  cells,  a  thickening  which  is  therefore  confined  just  to 
the  surfaces  which  are  in  contact  with  other  cells  belonging  to 
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tbe  same  layer,  and  which  appears  in  a  transverse  section  as  a 
dark  dot  on  the  radial  walls  of  the  cells. 

In  some  cases  the  cells  of  the  exodermis  are  prosenchjmatons 
and  sclerenchymatons  {e,g,  species  of  Carex,  aerial  roots  of  a 
species  of  Philodendron). 

When  the  exodermis  is  invested  by  tegnraentary  tissue  (aa  in 
aerial  roots  of  Orchids,  for  instance)  some  of  its  cells  retain  their 
thin  unaltered  walls,  and  are  the  pcustige-celU,  by  means  of  which 
water  can  penetrate  into  the  interior  of.  the  root. 

3.  The  general  ground-tissue  of  stems,  leaves,  and  roots,  lying 
within  the  hypoderma,  consists  mainly  of  parenchymatous  tissue, 
with,  frequently,  a  considerable  difTerentiation  of  masses  of  fibrous 
sclerenchymatons  stereom. 

In  the  root,  where  the  extra-stelar  g^und-tissue  is  entirely  cor- 
tex, it  can  generally  be  distinguished  into  two  regions,  an  external. 
in  which  the  arrangement  of  the  cells  is  somewhat  irregular,  and 
an  internal,  in  which  the  cejls  are  arranged  in  radiating  rows. 

In  aerial  stems  and  foliage- leaves,  the  more  external,  at  least, 
of  these  cells  frequently  take  part  in  the  assimilatory  processes  of 
the  plant ;  the  cells  contain  chloroplastids  and  constitute  assimi- 
latory tissue.  Towards  the  most  highly  illuminated  surface  of  the 
member,  the  cells  are  frequently  so  arranged  that  their  longer 
.  axes  are  perpendicular  to  the  surface,  that  is,  are  parallel  to 
the  incident  rays  of  light ;  assimilatory  tissue  of  this  structure  is 
termed  palisade-tissue ;  the  whole  of  the  internal  ground-tissue  of 
a  leaf-blade  is  termed  generally  mesophylL 

In  view  of  its  great  physiological  importanoe  a  somewhat  detailed  aocount  of 
the  stmctare  of  the  mesophyll  of  the  leaf-hlade  seems  neoessaxy. 

The  mesophyll  coDsists  of  parenchymatous  thin-walled  cells  of  ▼ariouB  form. 
When  the  blade  is  thin,  the  whole  mesophyll  consists  of  assimilatory  tissue  ; 
but  when  it  is  more  or  less  fleshy  and  saoculent,  the  more  central  part  consists  of 
cells  without  chloroplastids,  the  assimilatory  tissae  being  confined  to  the  surface. 

When  the  mesophyll  is  altogether  assimilatory,  the  arrangement  of  the  cells 
is  correlated  with  the  symmetry  of  the  leaf-blade.  In  a  dorsiventral  lamina 
(Fig.  125)  the  straotare  of  the  mesophyll  is  different  in  relation  with  the  upper 
(ventral)  and  the  lower  (dorsal)  surfaces.  Towards  the  upper  surface,  which  is 
more  directly  exposed  to  light,  the  somewhat  elongated  cylindrical  cells  fonn 
a  compact  palisade-tissue  one  or  more  rows  in  thickness ;  whereas,  towards  the 
lower  shaded  surface,  the  cells  are  less  regular,  frequently  somewhat  stellate 
in  form,  leaving  large  intercellular  spaces  between  them,  constituting  what  is 
known  as  the  tpongy  parenchyma.  The  loose  structure  of  the  mesophyll 
towards  the  lower  surface  of  the  blade  is  correlated  with  the  presence  ol 
numerous  stomata  in  the  epidermis  of  that  surface  (see  p.  156). 
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When  the  palisade-parenohyma  oonsistB  of  several  layers,  the  transition  from 
the  one  form  of  tissae  to  the  other  is  gradual.  The  vascular  bundles  run  along 
the  junction  of  the  two  forms  of  tissue. 

In  a  few  cases  {e.g.  Allium  nmnuni,  Alstroemeria,  etc.)  the  leaf  is  twisted,  so 
that  it  is  the  morphologically  lower  (dorsal)  surface  which  is  directly  exposed 
to  the  light ;  in  these  cases  the  palisade-tissue  is  developed  in  relation  with 
that  surface,  the  spongy  tissue  in  relation  with  the  morphologically  upper 
(ventral),  but  shaded,  sarface. 

When  it  so  happens  that  all  sides  of  the  leaf  are  equally  exposed  to  light, 
the  palisade-parenohyma  is  developed  in  relation  with  both  the  dorsal  and 
the  ventral  surfaces ;  this  is  true,  not  only  of  isobilateral  and  of  radial  leaves, 
but  also  of  dorsiventral  leaves  {e.g,  leaf-blade  of  Anchuta  italica,  Linosyrit 
vulgaris,  SiUne  injlata,  Dianthus  Caryophyllus^  etc.) ;  in  which  case  the  spongj 
parenchyma  is  either  absent,  or  consists  of  a  few  layers  in  the  middle  of  the 
blade,  but  the  intercellular  spaces  between  the  palisade-cells  are,  however, 
relatively  large. 
In  some  cases,  the  mesophyll  is  not  diflferentiated  into  palisade  and  spongy 
parenchyma,  but  consists  of  rounded  cells  (e.g.  suc- 
culent leaves,  such  as  those  of  species  of  Crassula, 
etc.). 

In  those  leaves  in  which  the  external  portion  only 
of  the  mesophyll  consists  of  assimilatory  tissue,  the 
internal  mesophyll  being  destitute  of  chloroplastids, 
the  assimilatory  tissue  may  consist  either  of  palisade- 
tissue  (e.g,  some  MyrtaoesB  and  Proteaces,  species 
of  Statice,  Welwitscbia,  etc.).  or  of  rounded  cells 
(e.q.  Mesembryanthemnm,  many  Monocotyledons). 
The  cells  of  the  assimilatory  tissue  sometimes 
present  other  forms  and  arrangements.  Thus  the 
assimilatory  tissue  of  the  leaf  of  Pinus  and  Cedrus 
consists  of  polyhedral  cells,  the  walls  of  which  pre- 
sent infoldiogs,  the  effect  of  which  is  to  increase  the 
surface  of  the  cell-wall.  In  other  cases  it  consists 
entirely  or  in  part  of  elongated  cells,  resembling 
palisade-cells,  which  are  arranged  with  their  long 
axes  parallel  to  the  surface,  either  parallel  to  the 
long  axis  of  the  leaf  (e.g.  Oalanthua  nivaliit.  Leu- 
cojum  vemum)  or  transversely  {e.g.  Iris  germanica, 
Erythronium  Dens-Canis,  species  of  Gladiohu  and  Tritonia). 

The  colourless  mesophyll  of  succulent  and  coriaceous  leaves  consists  of  large 
cells,  containing  much  watery  sap,  constituting  in  fact  (see  p.  161)  an  aqueouM 
tissue  (e.g.  leaves  of  Aloe,  Mesembryanthemnm,  some  MyrtaceiB  and  Proteaces, 
Welwitschia,  etc.).  In  some  Orchids  (e.g.  Oncidium  maximum),  the  cells  of  the 
aqueous  tissue  are  scattered  among  the  assimilatory  cells ;  in  many  Orchids 
the  cells  of  the  aqueous  tissue  are  tracheidal,  having  spirally-thickened  walls, 
as  they  are  also  in  the  stem  and  leaf  of  Nepenthes. 


Fia.  126.— Diagrammatic 
transverae  section  of  the 
acicular  leaf  of  a  Fir:  • 
epidermis;  et  solerenchj- 
matoos  bypoderma ;  sp  eto- 
mata;  h  reain-dacta;  <  rn- 
dodermia  enclosing  the 
tingle  meriatele ;  g  wood ;  b 
bast. 


In  many  cases,  especially  in  aquatic  plants,  the  gronnd-tissue  has 
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large  air-caTities,  either  Ijsigenoas  or  scliizogenons  (see  p.  130) ; 
generallj  speaking,  they  are  of  schizogenons  origin  in  aqnatic 
plants,  of  lysigenouB  origin  in  land-plants  (see  Fig.  116  6).  These 
caTities  frequently  extend  throughout  the  whole  length  of  the 
root  or  the  leaf,  and  through  an  entire  internode  of  the  stem ; 
bat  they  may  be  interrupted  at  intervals  by  diaphragms  (c.gr.  leaf 
of  some  Monocotyledons ;  root  of  Hydrocharis ;  stem  of  Alisma, 
Pontederia,  Marsilia).  When  these  cavities  are  largely  developed 
the  member  becomes  a  float  {e.g,  root  of  Jassisea,  see  p,  64). 

Assimilatory  tissue  is  present  in  some  aerial  and  some  aquatic 
roots  {e.g.  some 
Orchids,    Podo- 
stemaceae,  etc.). 

4.  The  Endo- 
(fermw  is,  in  the 
great  majority 
of  cases,  a  single 
layer  of  cells ;  it 
is  hut  rarely  al- 
together want-  r 
ing  {e.g,  roots  of 
Podostemacese) ; 
it  sometimes 
consists  of  two 
liTcrs,  formed 
hy  the  tangen- 
tial division  of 
the  cells  of  the 
primitively  sin- 
gle layer  {e.g, 
root  of  Equise* 
tnni ;  stem  of 
Mme  Pterido- 

phjta,  such  as  the  rhizome  of  Nephrolepis,  and  the  stem  of  Salvinia 
wd  Azolla). 

Host  commonly  the  cells  of  the  endodermis  are  thin-walled, 
^th  a  suberised  thickening-zone  extending  round  the  lateral  and 
npperand  lower  surfaces  of  the  wall  (see  exodermis,  p.  161),  and 
showing  in  transverse  section  (Fig.  127)  as  a  black  dot  on  the 
i^dial  wall.  This  peculiar  marking  is  by  no  means  always  pre- 
sent :  it  is  frequently  wanting  in  the  endodermis  of  the  stem  in 


Fi«.  127.— TratiSTerae  section  of  central  portion  of  the  root  of 
£an«iic«Iiu  repeiM  (x  800);  tfd  the  endodermis,  enclosing  the 
single  central  stele ;  its  radial  walls  show  the  sections  of  the 
ooticniarised  thickening-haads ;  c  the  four  protoxylem-bnndles ; 
t  the  solid  xylem;  •  the  fear  phloem-boJidleB ;  jm  the  pericycle; 
r  the  cortical  gronnd-tissae. 
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Fi«.  118.— A  cell 
from  the  iotemal 
cortex  of  the  root 
of  the  Mtutard,  seen 
ohliqaelj  from  the 
internal  sarfaoe, 
showing  the  i>n- 
berised  thickening 
sone.  (After  van 
Tieghem:   x  950.) 


which  case  the  endodermis  can,  in  many  ca.ses,  be  distingaished 

bj   the   presence    of    starch-grains  in    its  cells. 

When  the  endodermis  is  double,  this  marking  is 

confined  to  the  outer  of  the  two  layers. 

This  marking  is  not  confined  to  the  endodermis ; 

it    sometimes  occurs  also  in  the   exodermis   of 

roots  (see  p.  161),  and  in  one  or  more  layers  of 

the  internal  cortex  in  some  roots  (one  layer,  next 

the   endodermis,  in   Cnpressus,  Taxus,    Prnnns, 

Rosa,  Lonicera,  etc. ;   several  layers,  Jnniperus, 

Sequoia,  many  Cruciferra  such  as  Mustard  and 

Wallflower). 

The  wajls  of  the  endodermal  cells  frequently 

become  sclerotic  either  over  their  whole  surface, 

or  more  frequently  on    the  internal  and  lateral 

surfaces  (Fig.  129).     When  this  is  the  case,  some 

of  the  cells  remain  thin- walled,  as  passage-cells ^ 

opposite  to  the  wood-bundles  within. 

The  Intra-stelar  Fundamental  Tisstie^  or  Conjunctive  Tissue  of  the 

Stele, — Morphology.     The  morphology  of   the  conjunctive  tissue, 

of  the  stele  varies  somewhat  in 
accordance  with  the  develop- 
ment of  the  vascular  tissue. 
When  a  solid  vascular  cylinder 
is  produced,  there  may  be  no 
conjunctive  tissue  at  all,  the 
whole  of  the  plerome  having 
developed  into  vascular  tissue  ; 
or  the  conjunctive  tissue  may 
be  limited  to  one  or  more  peri- 
pheral layera,  the  pericycle,  in- 
vesting the  vascular  cylinder; 
or,  again,  in  addition  to  the 
peri  cycle,  the  conjunctive  tissue 
may  extend  inwards  to  some 
extent  between  the  bundles  (in- 
terfascicular)  of  the  stele ;  on  the 
other  hand,  when  the  vascnlar 
cylinder  is  hollow  (see  Fig. 
130),  the  central  space  is  oc- 
cupied by  medullary  conjunctive  tissue,  constituting  the  pith,  and 


Fig.  120.— Part  of  a  transverse  section  of 
a  root  of  /i*t«  fioreynttna ;  «  scleroiio  endo- 
dermis. with  /  a  thin- «r ailed  passage-cell; 
V  bast;  s  wood-vessel;  c  cortical  ground- 
tiasae;  p  pericycle.  (After  Strasborger: 
X  210.) 
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conDected  with  the  pericycle  by  interfascicular  conjunctive  tissue 
constituting  the  medullary  rays.  Pith  and  medullary  rays  are 
generally  absent  from  the  steles  of  a  polystelic  member. 

Structure,  The  Pericycle  (at  one  time  generally  termed  the 
pericamUum)  is  altogether  wanting  in  a  few  cases  only;  it  is 
absent  when  the  endodermis  consists  of  two  layers  (see  p.  165) ;  it 
is  also  absent  in  the  roots  of  Podostemaceae,  rootlets  of  Pontederia 
cratsipes,  in  the  stem  of  Ceratophyllum  and  probably  of  other 
water-plants. 

It  is  USD  ally  a  continuous  membrane ;  but  in  some  cases  it  is 
interrupted  by  projections  of  the  yascular  tissue  (e.g.  by  the 
xjlem-bundles  in  the  root 
of  some  Graminess  and  Cy- 
peracee;  by  the  phloem- 
bundles  in  the  roots  of 
Potamogeton,  Naias,  Zos- 
tera).  It  may  consist 
throughout  of  a  single 
layer  of  cells  (e.g.  roots 
of  most  Angiosperms  and 
of  some  Vascular  Crypto- 
gams; stems  of  Dipsa- 
caceiB,  Valerianacese, 
R  a  b  i  a  c  e  SB,  Lobeliaceae, 
Campanulacesd,  Plantagi- 
naceaBf  Polemoniacese,  etc., 
and  generally  of  aquatic 
Angiosperms) ;  or  of  more 
than  one  layer  throughout 
(roots  of  some  Dicotyle- 
dons, e.g.  Vine,  Diptero- 
carpns,  Ficus  ruhiginosa, 
etc.,  and  of  Gymnos  perms 
jrenerally ;  commonly  in 
the  stem  and  leaf- stalk)  ; 
or  in  part  of  one  layer  and 
part  of  more  than  one  (e.g. 
root  of  some  Ferns  and  LeguminossD). 

The  pericycle  may  be  homogeneotis  or  heterogeneous;  that  is,  it 
may  consist  of  the  same  kind  of  tissue  throughout,  or  of  several 
kinds  of  tissue.     The  typical  homogeneous  pencycle  consists  of 


Fxa.  ISO.— A  transrene  section  of  a  yoong  stem 
of  Arittoloehia  Sipho,  illnstraiing  the  arrangement 
of  the  primary  tUsaes  in  a  monosteltc  stem,  in 
which  the  Taacnlar  cylinder  is  hollow,  enclosing  a 
pith.  (After  Strasburger :  x  9).  e  Cortical  ground- 
tissue,  with  coHenchyma  el;  •  endodermis ;  pe  peri- 
cycle,  oontinnons  by  means  of  intertesoionlar  con- 
junctive tissue  (medullary  rays)  with  the  medullary 
conjunctive  tissue  m  (pith)  ;  $k  ring  of  sderenchy- 
ma  belonging  to  the  pericycle  ;  fo  vascular  bundles 
in  an  interrupted  circle ;  they  are  open  and  colla- 
teral; eb  bast;  p  protophloem;  fo  fascicular  cam- 
bium ;  ifo  interfascicular  cambium ;  «l  wood ;  the 
central  pointed  end  of  each  wood-bundle  consists 
of  protozylem,  and  the  central  ends  of  the  whole 
ring   of  wood-bundles  constitute  the  medullary 
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thin- walled  parenchjmatons  cells,  with  protoplasmic  contents, 
which  are  capable  of  becoming  merismatic.  In  some  cases  the 
primarily  thin- walled  cells  eventn&Uj  become  sclerotic,  either 
throughout  the  whole  pericycle,  or  in  certain  parts  only;  this 
commonly  occurs  in  the  roots  of  Monocotyledons. 

Generally  speaking,  the  pericycle  of  the  root  is  homogeneous ; 
when  it  is  heterogeneous,  it  is  so  in  consequence  of  the  presence 
of  glandular  tissue  (secretory  ducts)  {e.g,  XJmbelliferso,  Araiiaceie, 
Pittosporaceae,  Hypericace®)  ;  it  never  contains  fibres. 


Pi«.  131.— TransTewa  eection  of  a  root  of  Allium  C«pa,  showing  the  central  stele  without 
pith :  »  cortex ;  «  endodermis ;  p  pericycle ;  tp+o,  spiral  and  annular  vessels  (protoxylem); 
•c  pitted  wood-vessels  of  the  primary  wood ;  •  bast-bundle ;  the  six  wood-bundles  alternate 
with  the  six  bast-bnndles ;  the  wood-bundles  develope  oentrlpetally  and  nieet»  ao  that  » 
piih  te  forined.    (After  Btvaaborger:  x  240.) 

The  pericycle  of  the  stem  and  of  the  leaf-stalk,  on  the  contrary, 
is  generally  heterogeneous,  owing  principally  to  the  difPerentiation 
of  a  portion  of  it  into  collenchyma  (^e.g.  some  Composite,  Bark- 
hausxa  foBtida^  Sonchus  oleraceus),  or  into  fibres  which  are  gener- 
ally sclerotic,  but  not  in  all  cases  (e.^.  Apocynace®,  Asclepiadaceie, 
Gonvolvulaceae,  Flax)  ;  or  it  may  be  heterogeneonn  in  consequence 
of  the  presence  of  seci*etory  ducts  (e.g.  Hypericum,  Pittosporom) 
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HydrocotyUrmlgarts,  Bupleurumfruticosum  and  other  XJmbellifersB)  ; 
or,  ia  conseqaence  of  the  presence  of  both  secretory  dncts  and  of 
fibres  (e.g.  Lignlifloral  and  Tabnlifloral  Composites.) 

A  remarkable  form  of  eonjnnotiYe  tisane  ia  that  which  inveata  the  two  vaacnlar 
bandies  in  the  acicalar  leaves  of  Pinus,  and,  to  a  less  degree,  of  other  Gonifera. 
The  tissae  eonsista  of  parenchyma  with  some  fibrona  aolerenohyma ;  in  the 
paienehyma  two  special  kinda  of  cells  can  be  distingaished,  which  constitute 
what  is  eometimea  termed  the  trariMfunon-tisiue ;  namely,  cells  with  unlignified 
and  nnpitted  walla,  distinguished  by  their  abundant  protoplasmic  and  proteid 
contents ;  tracheidal  cells  with  slightly  lignified  walls  and  bordered  pits,  without 
protoplasmic  contents;  the  former  may  be  regarded  aa  an  extension  of  the 
iiere-tissne  of  the  bundle,  the  latter  aa  an  extension  of  the  tracheal  tissue. 

The  fibres  (stereom)  of  the  pericyde  are  distributed  in  various  waya.  They 
msj  either  form  a  continuous  ring,  separated  from  the  phloem  of  the  vascular 
bandies  by  aeyeml  layers  of  parenchymatous  pericycle-oells  {e.g.  Berberis, 
Cttcorbitacee,  Caryophyllaoes,  Lonioeres,  Aristolochiaceie  (Fig.  180),  and  many 
Uoooeotyledona,  especially  in  Oramineaa,  Cyperaceee,  and  Juncaceie;  or  the  ring 
may  be  in  direct  contact  with  the  vascular  bundles  (many  Dicotyledons,  e.g. 
Hjfpoeluaris  radieata.  Podophyllum,  Plantago,  etc. ;  many  Monocotyledons,  e.g. 
Beatiaoes,  Liliaees,  Smilaoeie,  Iridaceaa,  OrchidacefB,  Typhaoeaa,  Tamus,  etc. 
[see  Fig.  124B] ) ;  or  the  fibrea  may  form  stranda  opposite  to  the  phloem  of 
each  bundle,  either  abutting  directly  on  the  phloem,  or  separated  from  it  by 
one  or  more  layers  of  parenchymatous  pericyde-oells  {e.g,  among  Dicotyledons, 
▼irious  Compositee,  Labiatie,  Leguminosie,  Banunculaces,  etc. ;  exactly  this 
irrangement  does  not  occur  in  Monocotyledons) ;  or  the  fibres  may  be  scattered 
either  singly  or  in  groups,  without  any  relation  to  the  vascular  bundles  {f.g. 
many  SoIanaeeiB,  Itferis  sempewirerut  species  of  Viburnum,  Fraxinui  dimorpha, 
JU^Inm  VM/pare,  Apocynaoee,  Aaclepiadaceee,  Malvaeea,  etc). 

The  Pith  (or  medulla)  consists,  typically,  of  parenchymatous 
cells  with  thin  walls  and  protoplasmic  contents;  bat  in  many 
cases  sclerenchyma  is  differentiated  in  it. 

The  most  important  faot  with  regard  to  the  parenchyma  of  the 
pith  is  that,  in  many  cases,  the  cells  forming  the  central  portion 
of  the  pith  soon  die,  or  even  the  whole  of  them  (e.g.  Elder).  When 
this  is  the  case,  the  dead  cell- walls  frequently  undergo  disorganisa- 
tion, so  that  the  stem  hecomes  hollow. 

The  sclerenchyma  of  the  pith  may  consist  of  scattered  strands 
(e.g.  stems  of  some  Palms,  such  as  Cocos,  Astrocaryum,  Leo> 
poldinia);  or  it  may  form  a  ring  connecting  the  inner  ends  of 
the  bandies  of  the  hollow  vascular  cylinder  (e.g»  Bougainvillea 
ipectabilis,  woody  Piperacese  such  as  Artanthe  and  Chavica). 

The  balk  of  the  pith  varies  very  much.  It  is  relatively  very 
Isi^  in  taberoQS  sfioots,  such  as  the  Potat.o,  Apios,  etc. 
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The  Interfascicular  Conjunctive  Tissue  conRists  typically  of 
pareDchymatooB  cells  with  thin  walls  and  protoplasmic  contents ; 
bat  it  is  frequently  sclerenchymatoas  whera  it  abnts  on  the 
vascular  bundles,  thns  contributing  to  the  formation  of  a  more  or 
less  complete  sheath  of  sclerenchyma  round  them  {e.g.  many 
Monocotyledons  ) . 

The  various  systems  of  Bclerenohjmatoas  snpporting-tiasae  (stereom) 
described  above,  the  hypodermal,  the  cortical,  the  perioyelio,  the  interfa»ciealar, 
and  the  medullary,  may  be  connected  with  each  other  in  various  combinations. 
Thus,  the  hypodermal  and  the  cortical  systems  may  be  continuous ;  or  the 
hypodermal,  cortical,  and  pericyclio;  the  pericyclic  and  the  interfasdonlar, 
etc. ;  as  the  mechanical  conditions  of  the  member  may  render  necessary  (see 
Fig.  124). 

§33.  The  Vascular  Tissue-System.  The  primary  vascular 
tissue  is  differentiated  from  the  procambium  or  primary  desmogen 
(see  p.  151)  of  the  stele  in  the  form  of  strands  or  bundles,  vascular 
bundles.  The  vascular  tissues  of  the  bundles  are  either  tracheal 
tissue  (p.  133),  which  is  always  lignified,  and  is  termed  tcood  or 
xylem  ;  or  sieve-tissue  (p.  135),  which  is  termed  hast  or  phhtem. 
A  vascular  bundle  may  consist,  either  exclusively  of  wood  or  of  bast; 
or  of  both  wood  and  bast,  when  it  is  said  to  be  a  conjoint  bundle. 
It  is  generally  the  case  that  a  varying  proportion  of  sclerenchyma 
(stereom)  is  associated  with  the  vascular  tissue  ;  hence  the  bundles 
are  frequently  spoken  of  sls  JUn'o-vascular  bundles. 

As  a  rule,  an  equal  number  of  wood-bundles  and  of  bast-bundles 
are  differentiated  in  a  stele,  whether  they  be  isolated  or  conjoined ; 
there  may  be  only  one  of  each  (e,g,  liner  branches  of  the  dicho- 
tomous  roots  of  most  Lycopodiuras)  or  there  may  be  a  very 
considerable  number  (e,g.  stems  of  Monocotyledons).  There  are, 
however,  some  exceptions  to  this  rule :  thns,  the  stele  of  the  root 
of  some  Lycopodiums  (L.  inundatum  and  Selago)  and  Ophio- 
glossnms  (0.  vulgatum  and  lusitanicum)  contains  one  bast- bundle 
and  two  wood- bundles ;  again,  in  the  roots  of  Selaginella  and 
Isoetes,  the  stele  encloses  one  wood-bundle  and  two  bast-bundles. 

The  primary  vascular  bundles  differentiated  in  a  stele  (whether 
a  monostele  or  a  polystele)  are  frequently  distinct  from  each  other 
for  a  considerable  distance,  for  instance,  throughout  an  intemode 
of  a  stem ;  but  very  commonly  they  are  found  to  fuse  at  shorter 
intervals  (e.,^.  stem  of  Lycopodium),  or  they  may  be  altogether 
fused  into  one  or  more  vascular  masses ;  a  stele  presenting  this 
intimate  connexion  of  the  bundles  is  said  to  be  gamodesmic.     An 
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analogoas  condition  is  sometimes  presented  by  scbizostelic  mem- 
bers, where  the  schizosteles  are  developed  in  partial  continaity 
{€,g.  stem  of  Eqaisetnm,  see  Fig.  116).  The  resulting  vascular 
mass  is  generally  a  solid  cylinder,  but  it  is  occasionally  a  hollow 
cjlinder. 

Witli  regard  to  tbe  oecurrence  of  vascular  tisBne  in  the  gametopliyte 
geoenUion,  and  in  the  sporophyte  of  the  lower  plants,  it  may  be  stated  that 
liguified  Tascolar  tissne  {i.e,  wood)  does  not  oooar  in  any  gametophyte,  nor  in 
the  sporopbyte  of  any  plant  below  the  Pteridophyta.  However,  in  the  stem 
of  the  gametophytie  shoots  of  tome  Mosses  there  is  a  solid  central  stele  con- 
listiug  of  tiMue  which  is  fonotionally  vascular  tissne ;  the  same  is  tine  of  the 
item  (seta)  of  the  Moss-sporophyte  in  certain  eases.  Sieve-tissue  has  been 
^nnd  in  some  of  the  larger  Brown  Seaweeds. 

The  primary  vascular  tissue-system  extends  continuously 
throughout  the  body  of  the  sporophyte  of  the  higher  plants ;  the 
vascnlar  bundles  of  root,  stem,  and  leaf  are  all  in  direct  com- 
monication. 

The  arrangement  and  course  of  the  vascular  bandies  are  in- 
timately connected  with  the  morphology  of  the  plant  and  with  the 
differentiation  of  its  members.  In  elongated  members  (stems, 
petioles,  roots)  the  bundles  run  longitudinally,  so  that  a  transverse 
section  of  such  a  member  shows  transverse  sections  of  its  vascular 
bandies. 

In  the  primary  root  the  longitudinal  course  of  the  bundles  is 
simple;  there  is  an  axial  vascular  cylinder,  either  solid  or  hollow, 
consisting  of  straight  more  or  less  distinct  bundles  of  wood  and 
bast,  and  extending  from  the  growing-point  backwards  to  where 
the  root  merges  into  the  stem ;  from  this  cylinder  there  arise 
lateral  offsets,  which  constitute  the  steles  of  the  lateral  branches 
of  the  root. 

In  the  stem  the  course  of  the  bundles  is  more  complicated,  on 
icconnt  of  the  fact  that  the  stem  bears  lateral  members,  leaves, 
which  differ  from  itself  or  from  its  branches.  In  some  cases,  the 
bundles  of  the  stem,  when  traced  upward  toward  the  growing- 
point,  are  found  to  terminate  in  the  young  leaves ;  whilst  in  other 
cues  the  bundles  end  (like  those  of  the  root)  in  the  plerome  of  the 
)?rowing- point ;  bundles  of  the  former  kind  are  distinguished  as 
common  {i.e.  common  to  stem  and  leaf),  and,  in  their  coarse  in  the 
Btem,  are  termed  leaf-traces ;  bundles  of  the  latter  kind  are  distin- 
guished as  cauline  {i.e,  confined  to  the  stem). 

Stems  with  common  bundles  are  generally  monostelic ;  the  leaf 
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traces  do. not,  however,  follow  a  aniform  coarse  in  all  cases. 
Thus,  they  may  proceed  to  the  centre  of  the  stem  and  form  a 
solid  vascnlar  cylinder  {e,g.  Isoetes  among  Pteridophyta ;  and 
certain  aquatic  Monocotyledons ;  species  of  Potamogeton,  Zanic- 
hellia,  Althenia,  Ruppia).     Or  they  may  form  a  hollow  cylinder. 

In  the  simplest  case 
of  this  (as  in  Osmun- 
daceas,  most  Gymno- 
sperms  and  Dicotyle- 
dons) the  bundles 
(leaf .traces)  entering 
the  stem  from  a  leaf 
are  few  in  number,  or 
even  only  one;  they 
penetrate  to  an  equal 
depth  in  the  stem 
(also  in  the  schizo- 
stelic  Equisetum, 
Fig.  116),  and  run 
vertically  downwards 
through  one  or  two 
intemodes,  joining  at 
a  node  with  the 
bundles  entering  the 
stem  from  a  lower 
leaf ;  sometimes  their 
lower  ends  are  bifur- 
cate so  that  they  join 
with  the  bundles  of 
the  lower  leaves  (Fig. 
132  B).  When  the 
leaf- traces  entering 
the  stem  from  a  leaf 
are  more  numerous, 
they  penetrate  to 
various  depths  in  the 
stele,  and  their  course 
is  usually  not  vertical, 
but  more  or  less 
curved :  they  may  then  form  two  circles  (e.g,  Cucurbitacese, 
Phytolacca,  Piperaceae)  ;  or  many  circles,  more  or  less  irregular, 


Fi«.  132.— Diagram  of  tbe  coane  of  the  vascular 
bandies  in  stems.  A  Longitadinal  section  thi'ongh  the 
axis  of  a  Pnlm-stem,  showing  a  transverse  section  of  half 
of  it.  The  leHves  (cut  off  above  the  insertion)  are  hjpothe- 
tically  conceived  of  as  distichous  and  amplexicaul,  and  so 
are  seen  on  both  sides  of  tbe  stem,  1  m  2  m3  m  being  the 
median  line  of  each.  B  Outside  view  and  transverse 
section  of  Cerastium  (hypothetically  transparent,  to  show 
the  internal  bundles).  The  decussate  leaves  ( 1, 2, 3)  are  cut 
off.  The  bundle  proceeding  from  each  leaf  divides  into  two 
above  the  leaf  immediately  below  it,  and  the  branches  of 
all  the  bundles  unite  to  form  the  four  thin  bundles  which 
alternate  in  the  section  with  the  thicker  ones.  In  the 
section,  m  is  the  pith,  r  the  cortex,  v  the  medullary  ray. 
The  xylem  in  the  fibro- vascular  buinlles  is  indicated  by 
shading. 
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trenching  on  the  pith  {e.g.  many  RannnculacesB,  snch  as  Aetsea, 
Cimicifnga,  Thalictrum,  Podoph jllam,  Diph jlleia ;  NjmphseaceflB  ; 
Monocotyledons  generally).  A  good  example  of  this  is  afforded 
bjaPalm  stem  (Fig.  132  A).  The  median  leaf-traces  first  tend 
tovard  the  centre  of  the  stem ;  thej  then  hend  oat  ward,  thinning 
ont  gradually  as  they  descend,  and  coalesce  with  the  lateral 
bundles,  which  do  not  penetrate  so  deeply,  in  the  pericycle  at  a 
point  mnch  lower  down.  Furthermore,  each  handle  is  somewhat 
twisted  in  its  coarse,  so  that  the  lower  end  lies  toward  a  different 
side  of  the  stem  from  that  on  which  it  entered  it.  In  these 
cases,  when  there  is  a  well-defined  external  ring,  the  more  internal 
bandies  are  termed  medullary  bundles. 

In  some  plants  a  nnmber  of  independent  phloem-bnndles  are  developed  in  the 
onter  part  of  the  pith  of  the  stem,  just  within  the  ring  of  normal  Tasoular 
bondles  {e.g.  Solanaeee,  CoDTolvolaceie,  Gentianaceie,  Apoeynaceie,  Asclepiad- 
toec,  some  Tabolifloral  Gompositie,  Gampanulaces,  etc.),  which  are  termed 
^dnlUry  phhem-bundUs. 

Stems  with  caaline  bandies  may  be  monostelic  or  polystelic ; 
monostelic  stems  with  caaline  bandies  are  generally  gamodesmio 
hsTing  a  solid  yascnlar  cylinder  (e.g.  Lycopodiam  among  Pterido- 
pbjta;  some  aqnatic  Dicotyledons,  Utricalaria,  Aldrovanda, 
Callitriche,  Myriophyllam,  Geratophyllam ;  some  aqaatio  Mono- 
cotyledons, Elodea  canadensis^  Eydrilla  verticillaia,  Naias  ;  and  the 
saprophytic  Orchidaceous  plants  Epipogum  Qmelini  and  Goralhfrhizi 
imo/a) ;  polystelic  stems  with  caaline  bandies  (e.g.  most  Ferns, 
Hydropterideee,  Selaginella,  among  Pteridophyta)  are  generally 
gtmostelic,  the  steles  forming  a  network,  which  can  be  isolated 
u  a  skeleton  of  vascular  tissue,  each  mesh  of  which  corresponds 
to  the  insertion  of  a  leaf. 

The  leaf-traces  of  stems  with  common  bundles,  as  also  the  leaf- 
bundles  in  stems  with  a  cauline  vascular  tissue-system,  do  not 
always  at  once  join  the  stele,  but  may  remain  isolated  for  a  longer 
or  shorter  distance,  constituting  in  fact  meristeles  (see  p.  153) 
in  the  cortical  region  of  the  stem,  or,  as  they  are  more  commonly 
called,  cortical  bundles  (e.g.  Gasuarina ;  species  of  Begonia ;  some 
Ferns,  such  as  Pteris,  Aspidium,  etc.) 

The  relative  position  of  the  phloem  and  of  the  xylem  in  a  ron- 
joint  bundle  is  subject  to  some  variation;  they  may  either  be 
side  by  side,  when  the  bundle  is  said  to  be  collateral ;  or  the  one 
may  nacre  or  less  completely  invest  and  surround  the  other,  when 
the  hnndle  is  said  to  be  concentric. 


174 


PART  n. — THE  INTIMATE   8TECCTDRB  OF  PLANTS. 


[§33 


In  the  collateral  hundle,  the  wood  and  the  bast  are  so  situated 
that  thej  both  lie  on  a  straight  radial  line  drawn  through  the 
bundle  from  the  centre  of  the  member  to  the  surface,  the  wood 
being  nearer  the  centre,  and  the  bast  nearer  the  surface  (see 
Fig.  130).     This  type  of  bundle  is  common  in  the  monostelic  or 


Fie.  133.— TransTeree  section  of  an  open,  collateral,  conjoint.  Taacalar  bundle  of  the 
fits  n  of  fioauncutut  repen»:  $  spiral  vessel  of  the  protoxylem  at  the  inner  (central)  end  of 
the  wood ;  m  pitted  vessel  of  the  wood ;  e  cambiam ;  v  a  sieve-tabe  of  the  bast  with 
adjacent  granular  companion-cellfi ;  vg  sheath  of  sclereuchjmatous  conjunctive  tissue. 
(After  Strasburger :  x  180.) 

schizostelic  stems  and  leaf-stalks  of  Phanerogams  and  of  some 
Pteridophyta  (Osmundacese,  OphioglossaceeB,  Equisetum). 

In  some  stems  (e,g.  Myrtaceee,  Onagrace®,  Apocynaceas,  Solan- 
aceae,  most  Convolvulacese,  Cucurbitacese, '  etc.)  there  is  a  second 
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bast-bandle  on  the  inner  (medallary)  side  of  the  wood  of  the  con- 
joint bundle ;  snch  a  bundle  is  distingaisbed  as  hicollateral. 

In  a  concentric  bundle,  either  the  bast  is  surrounded  by  the 
wood,  or  the  wood  by  the  bast,  more  or  less  completely :  the 
hicollateral  handle  is,  in  fact,  a  structure  intermediate  between 
the  collateral  and  the  concentric  bnudle.  The  former  type  of  con- 
centric bundle  occurs  in  the  rhizomes  of  various  Monocotyledons 
(Acorns,  Iris,  Cyperus,  Carez,  etc.),  and  in  the  medullary  bundles 
of  the  stem  of  some  Dicotyledons  (Rheum,  Statice,  Ricinus,  Piper, 
etc).  The  latter  type  is  rare  in  Phanerogams  (e.g.  the  cortical 
and  medullary  bundles  of  the  Melastomacese)  fbut  it  prevails  in 
the  Filicine  and  in 
Selaginella,  when 
the  gamodesmic 
handles  (two  or 
more)  of  each  stele 
of  the  polystelic 
stem,  form  a  cen- 
tnd  mass  of  wood 
completely,  or 
nearly  completely, 
ftorrounded  by  a 
riDg  of  bast. 

The  relative  pogi' 
tion  of  tlte  phloem- 
bundles  and  xijlem- 
hnndles  when  they 
are  distinct  fro7n 
each  other  is  such 
that  they  alternate 
with  each  other  so 
that  a  radius  drawn 
from  the  centre  to  the  surface  of  the  member  cuts  through  either 
a  phloem  or  a  xylem-bundle,  but  not  throagh  both  (Fig.  136).  This 
arrangement  occurs  only  in  monostelic  members ;  it  is  common  to 
all  roots,  and  occurs  in  the  stem  of  Lycopodium  and  Psilotum 
though  in  a  less  regular  manner  than  in  roots.  It  is  commonly 
termed  the  rcutial  arrangement. 

The  Differentiation  of  the  Primary  Vascular  Bundle.  The  first 
indication  of  the  development  of  vascular  tissue  in  the  plerome 
is  the  difPerentiation  of  one  or  more  strands  of  narrow  elongated 


Fi«.  131.— Transverse  section  of  a  concentric  bnndle, 
with  external  wood,  from  the  rhizome  of  Iris  (x  3M):  t 
tracbeas ;  f  protoxylem  ;  •  sieve-tubes ;  g  companion-cellt, 
of  the  internal  bast. 
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merismatic  cells,  the  procamhium  or  primary  desmogen  (see  p. 
151)  ;  each  procambinm-strand  of  the  plerome  becomes  a  vascular 
bundle  of  the  stele. 

The  development  of  the  vascular  tissue  does  not  take  place 
simultaneously  throughout  the  whole  transverse  section  of  the 
procambium-strand,  but  begins  at  one  definite  point,  and  extends 
in  one  or  more  directions  from  that  point. 

The  development  of  the  xjlem-bundle  (or  part  of  a  conjoint 
bundle)  begins  with  the  differentiation  of  one  or  a  few  tracheids 
or  tracheae,  constituting  the  protoxylem ;  the  walls  of  the  corre- 
sponding pro- 
cambium  cells 
become  spiral- 
ly thickened 
and  Uglified, 
and  the  proto- 
plasmic con- 
tents of  the 
cells  disap- 
pear. It  is 
an  important 
generalisation 
that  spiral 
or  annular 
vessels  (or 
tracheides)  are 
characteristic 
of,  and  abso- 
lutely confined 
to,  the  proto- 
xylem  of  the 
bundle.  The 
remainder     of 

the  primary  wood  (i.e.  the  wood  which  is  developed  from  the 
procamhium)  is  then  gradually  differentiated,  the  walls  of  the 
tracheides  or  tracheae  presenting  one  or  other  of  the  various  kinds 
of  pitted  marking  (p.  104). 

Similarly,  the  development  of  the  phloem-bundle  (or  part  of  a 
conjoint  bundle)  begins  with  the  differentiation  of  a  small  group 
of  sieve-tubes  and  companion-cells,  constituting  the  protophloem, 
which  do  not,  however,  differ  in  any  marked   manner  from  the 


Fio.  13S.— Part  of  a  tranaTene  aection  of  the  Btele  of  the  Sar* 
aaparilla-root  (Smilaz) :  r  cortex ;  fd  endodermis  with  paaaage- 
cells  J;  the  perioycle  and  the  interfaacicnlar  conjunctive  tiaaue  v 
are  sclerenchymatons ;  v'  the  pith ;  s  the  protoxylem,  and  t  a  pitted 
▼essel  of  a  wood-bundle:  •  a  bast-bundle.  The  alternation,  or 
radinl  arrangement,  of  the  wood  and  bast-bundles  is  shown.  ( x 
SOO.) 
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rest  of  the  primary  phloem,  biifc  their  cavities  soon  become 
obliterated,  so  that  thej  then  look  like  strands  of  swollen  cell- 
wall  (Fig.  137). 

The  details  of  the  differentiation  of  the  primary  vascular  tissue 
are  essentially  the  same  as  in  the  case  of  the  secondary  vascular 
tissue  described  on  p.  202. 

ITie  longitudinal diffmentiation  of  the  primary  vascular  tissue  does 
not  take  place  in  the  same  order  in  all  cases.  In  roots,  and  in 
steins  with  cauiine  vascular  tissue,  the  longitudinal  differentiation 
proceeds  acropetally.  In  stems  with  common  bundles  the  differ- 
entiation usually  begins  in  the  procambium-strand  at  a  node,  pro- 
ceeding  both    downwards 

\ 


in  the  iutemode  of  the 
stem,  and  outward  into 
the  young  leaf. 

In  the  majority  of  in- 
stances, the  whole  of  the 
procambium  -  strand  be- 
comes differentiated  into 
permanent  tissue,  either 
wood  or  bast ;  this  is  true 
for  all  roots,  and  for  the 
sterns  of  nearly  all  Pterido- 
l>bjta  and  Monocotyledons 
(Fig.  137).  Bundles  of  this 
kind  are  said  to  be  closed. 
In  the  stems  of  most 
Gjmnosperms  and  Dico- 
tyledons, on  the  other 
hand,  the  whole  of  the 
procambium  is  not  con- 
verted into  the  primary  wood  and  bast  of  the  collateral  conjoint 
bundle,  but  a  portion  of  it  persists  as  an  embryonic  merismatic 
tisuue,  the  cambium^  forming  a  transverse  zone  between  the  wood 
on  the  inner  (central)  side  and  the  bast  on  the  outer  side  (see 
Figs.  130,  139).     Such  a  bundle  is  said  to  be  open. 

Some  few  Dicotyledons  have  closed  bandies  (i.e,  no  cambium)  in  the  stem, 
t.g.  AHoxa,  Rainmeuliu  Ficaria,  NymphaBacece,  Myriophyllum,  Utriculuiia,  eto. 

The  position  of  the  protorylem  and  of  the  protophloem  in  the  trans- 
verse section  of  the  bundle  is  not  the  same  in  the  different  members 
T.s.n  N 


Fio.  13t).— Transverse  section  of  the  central  part 
of  the  root  of  Acoru*  Calamu$  (after  Strasburger : 
X  00) ;  e  lacunar  cortex;  c  en<lodermis  ;  p  pericycle; 
$  primary  wood-bundles,  with  the  small  spitul  ve8^e1s 
(prutoxylem)  externally;  v  bast  bundles;  m  pith; 
iha  iirrangem«nt  of  the  bundles  is  radiul. 
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The  pix)tophloem  is  in  all  cases  peripheral :  and  thongh  the  proto- 
xjlem  is  also  generally  peripheral,  it  is  sometimes  internal  (as  in 
the  bundles  in  the  petiole  of  Cjcads,  in  the  stem  of  Isoetes,  and  in 
the  concentric  steles  of  stems  and  petioles  of  manj  Ferns),  being 
more  or  less  surrounded  bj  the  rest  of  the  primary  xjlem. 


Fi«.  187.— Transverse  section  of  a  conjoint,  collateral,  closed,  vascular  hundleof  the  Ktrm 
of  a  Monocotyledon  {Zfa  Mai$) :  a  outer  or  peripheral  end  of  the  bundle ;  %  inner  or  central 
end;  p  conjunctive  tipsiie,  the  portion  immediately  investing  the  bundle  being  sclerenchy- 
matous;  I  IjFigenous  intercellular  space;  tr  spiral  and  annular  vessels  conatilutiiip 
the  protoxylcm ;  g  g  large  pitted  vessels,  between  which  lie  the  smaller  pitted  vessels  of 
the  wood  I  V  vv  sieve-tubes  of  the  bast  with  intervening  companion-cells;  just  outpide  the 
bast,  and  within  the  sclerenchymatous  sheath,  the  remains  of  the  protophloem  are  yisible. 
(After  Sachs:   x5fi3.) 

In  members,  whether  monostelic  or  polystelic,  in  which  the  pri- 
mary  bundles  or  the  steles  are  arranged  in  one  or  more  circles  (or 


L   _ 
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Other  6garc  correspondiog  to  the  sectional  oatline  of  the  member), 
the  orientation  of  the  bandies  in  the  stele,  as  indicated  by  the  posi- 
tion of  the  protoxylem,  bears  a  definite  relation  to  the  symmetry  of 
the  transverse  section  of  the  member.  For  instance,  in  medullate 
monostelic  stems  (Fig.  130)  the  protoxylem  forms  the  innermost 
or  central  portion  of  the  bundle;  the  bi-oken  circle  of  protoxylem- 
gronps  is  sometimes  specially  designated  the  medullary  sheath. 
This  condition  also  obtains  in  schizostelic  members,  as  in  the 
rhizomes  and  aerial  stems  of  Eqnisetum  (see  Fig.  116).  In  the 
root,  whether  the  vascnlar  cylinder  be  medullate  or  not,  the 
protoxylem  is  always  outermost  or  peripheral,  abutting  on  the 
pericycle  (Figs.  135-6).  This  is  also  the  case  in  monostelic  stems 
which  are  not  medullate  (e.g.  .stem  of  Lycopodium).  The  proto- 
phloem  iB  always  external,  abutting  on  the  pericycle. 

The  protoxylem  is  a  strncture  pf  considerable  morphological 
importance,  serving  as  it  does  to  mark  the  individuality  of  the 
xjlem-bnndle  of  which  it  forms  part.  This  means  of  distinction 
is  often  of  gi-eat  nse-in  determining  the  constitution  of  large  masses 
of  primary  vascular  tissne,  indicating  whether  they  consist  of  one 
bundle,  or  are  gamodesmic,  consisting  of  several  fused  bundles  (e.g. 
solid  vascular  cylinders  of  roots,  st^m  of  Lycopodium,  vascular 
strands  of  polystelic  stems,  etc.),  and  if  the  latter,  of  how  many 
bandies  they  consist. 

It  has  been  cnstomary  to  speak  of  anch  a  gamodesmio  vascular  mass  as  a 
sbgle  boodle,  describing  it  as  diarch,  triarchy  Utrarch,  etc.,  according  to  the 
nomber  of  protozylem-groups  detected ;  bat  this  use  of  the  terms  is  inaccurate. 
Every  zjlem-bondle  has  bat  one  protozylem-gronp ;  that  is,  it  is  monarch ; 
vbererer  two  or  more  protoxylem-groups  are  to  be  found,  they  indicate  the 
iaaon  of  a  corresponding  number  of  bundles ;  in  this  sense  the  terms  may 
be  oonrenient  to  describe  the  composition  of  masses  of  vascalar  tissae. 

The  transition  fr&m  the  root  to  the  stem.  Inasmuch  as,  generally 
speaking,  the  type  of  primary  structure  of  the  root  differs  so  con- 
siderably from  that  of  the  corresponding  stem,  the  transition  from 
the  one  to  the  other  is  a  matter  of  some  importance.  Taking  as  an 
illustration  the  case  of  a  plant  with  a  monostelic  st^m,  the  passage 
from  the  radially  arranged  separate  bundles  of  the  primary  i-oot  to 
the  collateral  conjoint  bundles  of  the  stem  is  effected  on  this  wise: 
—generally  Rpeaking,  on  tracing  the  wood-  and  bast-bundles  of  the 
root  upwards  into  the  stem,  the  wood-bundles  are  found  to  twist 
on  themselves  so  that  the  protoxylem  of  each  bundle,  from  being 
pwipheral  in  the  root,  comes  to  be  central  in  the  stem  ;  at  the  same 
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time  thej  change  their  position  somewhat,  so  that  thej  come  to  lie 
on  the  same  radii  as  the  bast-bundles,  or  the  bast-bnndles  may  also 
deviate  somewhat  from  their  straight  course,  and  thus  the  conjoint 
collateral  bundles  come  to  be  constitnted.  As  a  rule,  these  changes 
of  position  are  accompanied  by  an  increase  in  number  of  the  bno- 
dies,  each  of  the  bundles  of  the  root  bifurcating  above,  so  that 
there  are  commonly  twice  as  many  bundles  in  the  stem  as  in  the 
corresponding  root. 

The  strticturc  of  the  primary  bundle.    The  primary  wood  (whether 
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Fig.  138.— Radial  longitudinal  section  of  a  conjoint,  cloMd,  collateral  bandle  from  tbo 
stem  of  a  Monocotyledon  (Zm  Kom  ;  after  Sirasburger,  x  180) ;  to  the  right  it  the  oentiul 
(medullary)  limit  of  the  bundle ;  to  the  lea  the  peripheral  (corticai)  limit;  o  p  protophloem; 
0  sieye^tabeB  of  the  bast,  wiih  companion-cells  • ;  «p  a  a',  the  protozylem;  a  a'  remains  of 
ruptured  annular  vessel  lying  in  the  lysiRenous  lacuna  I ;  vy  sheatha  of  BclerenohymaUmii 
conjunctive  tissue.    (Ck)mpare  this  with  lig.  137.) 

in  an  isolated  or  a  conjoint  bundle)  consists  essentially  of  lignified 
tL*acheal  tissue  (tracheae,  or  tracheids,  p.  134),  together  with  a 
varying  proportion  of  wood- parenchyma,  more  or  less  lignified,  the 
cells  being  occasionally  somewhat  fibrous.  The  protoxylem  (see  p. 
176)  is  usually  a  conspicuous  feature;  in  transverse  section,  on 
accoiuit  of  the  relative  smallness  of  its  trachece  (or  tracheids);  in 
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loDgitadinal  sectioQ,  on  acconnt  of  the  loose  spiral  or  annnLir 
thickenings  of  their  walls.  The  looseness  of  the  spiral  or  annular 
roarkiogs  is  due  to  the  fact  that  these  vascalar  cells  are  the  first 
formed  constituents  of  the  bundles,  and  that  consequently  they 
ue  considerably  stretched  by  the  continuance,  for  a  time,  of  the 
l^wth  in  length  of  the  adjacent  undifferentiated  tissues ;  hence 
the  snccessive  thickenings  become  more  or  less  widely  separated, 
and  the  wall  of  the  vessels  may  be  torn  and  destroyed  (Fig.  138). 

The  primary  hcutt  or  phloem  consists  essentially  of  sieve-tissue 
(p.  135}  and  of  parenchyma.  The  sieve-tissue  consists  in  all  cases 
mainly  of  sieve-tubes  of  simple  structure  (Fig.  97,  p.  136),  con- 
stitoting  the  vascular  tissue  of  the  bast,  with  which  companion- 
oelU  are  associated  in  Angiosperms  but  not  in  Gymnosperms 
and  Pteridophyta.  In  some  Angiosperms,  particularly  in  the 
closed  bundles  of  Monocotyledons  (Fig.  137),  there  is  no  bast- 
parenchyma,  the  whole  bast  consisting  of  sieve-tubes  and  com- 
paoion-cells :  but  this  tissue  is  generally  present,  and  is  readily 
distinguishable  from  the  companion- cells  by  the  larger  size  of  its 
cells.  In  some  cases  (e.g.  some  Palms)  the  bast- parenchyma  is  to 
aome  extent  replaced  by  sclerenchymatous  fibres ;  otherwise  the 
occarrence  of  fibres  in  the  primary  bast  is  rare. 

The  cambium  is  present  in  the  collateral  primary  bundles  cf 
the  stem  of  most  Gymnosperms  and  Dicotyledons ;  it  is  never 
present  in  primary  bundles  of  any  other  type  of  structure  ;  nor, 
on  the  other  hand,  is  it  always  present  in  a  collateral  bundle 
(absent  in  Equisetum,  Monocotyledons,  some  herbaceous  Dicoty- 
ledons, see  p.  177). 

It  lies  between  the  bast  externally  and  the  wood  internally,  and 
consists  essentially  of  a  single  layer  of  merismatic  embryonic  cells 
rich  in  protoplasmic  contents,  and  with  walls  of  cellulose.  In 
transverse  section  (see  Fig.  133)  the  cells  are  oblong,  with  their 
longer  axes  placed  tangentially ;  in  longitudinal  section  (Fig. 
153)  the  cells  are  seen  to  be  elongated  and  somewhat  prosenchy- 
matons,  like  the  procambium-cells,  whera  they  abut  on  the  wood 
or  on  the  bast ;  but  where  they  abut  on  primary  medullary  rays 
thej  are  short  and  parenchymatous. 

VariaticftM  in  the  structure  of  a  bundle.  It  is  mentioned  on  p.  173 
that  the  leaf-trace  bundles  of  Palms  thin  oat  as  they  curve  out- 
wards towards  the  pericyclo  in  the  lower  part  of  their  course  ;  the 
handle  is,  in  ftu;t,  thickest  where  it  is  most  deeply  placed  in  the 
stem;  the  difference  in  size  of  the   bundle,  as   seen  in  trans- 
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verse  section,  is  dne  a  vaHation  in  the  n amber,  and  to  some  extent 
also,  in  the  size  of  its  constituent  elements,  more  especially  in  tlie 
wood. 

The  variation  in  strnctnre  of  a  vascular  bundle  can  be  well 
observed  in  connexion  with  the  foliage-leaf.  The  number  of 
bundles  entering  the  leaf  (petiole,  when  present)  from  the  stem 


Kio.  139.— il  Tranaveree  section  of  an  opon  conjoint,  collateral,  vascular  bundle  in  Ibe 
stem  of  the  Sunflower.  M  Pith.  X  Xyletn.  C  Citmbium.  P  Phloem.  B  Cortex;* 
small,  and  «'  large  spiral  vessels  (proto.xylem) ;  t  pitted  vessels;  if  pitted  vessels  in  coarse 
of  formation  from  the  cambium;  h  wood-fibres ;  ab  sie/e  tubes;  b  fibres  of  the  betero- 
Koneous  pericycle  ;  «  endodermis  or  bundlo-sheath ;  ie  inter-fascioular  conjunctive  tissne. 
B  Radiiil  vertical  section  through  a  similar  bundle  (somewhat  simplified)  lettered  like  the 
former.    (xl50). 

varies  from  one  to  many ;   these  bundles,  when  derived  from  a 
monostelic  stem,  are  segments  or  branches  of  the  stele  (meristeles), 
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when  derived  from  a  poljstelic  stem,  thej  are  entire  steles.  The 
structare  of  the  leaf-bundles  corresponds  essentially  with  that  of 
the  stem-bundles ;  if  the  latter  are  concentric  or  collateral,  etc.,  so 
are  the  former,  as  a  general  rule ;  but  in  the  Cycads  the  bundles  in 
the  petiole  have  the  protoxylem  central  next  to  the  bast  (see  p.  178) 
iiutead  of  in  the  normal  position  which  it  occnpies  in  the  stem- 
bundles;  and  again,  whilst  the  bundles  in  the  petiole  of  most 
Ferns  are,  like  those  of  the  stem,  concentric,  in  the  nbs  of  the 
lamina  they  become  collateral.  At  the  same  time  it  should  be 
pointed  oat  that  whilst  the  general  relations  of  the  bundle  are 
Qsnally  the  same  in  both  stem  and  leaf,  the  changed  conditions 
usnally  involve  a  somewhat  different  description.  For  instance, 
the  common  conjoint  bundles  of  the  stem  of  a  Dicotyledon  are 
collateral,  the  protoxylem  being  the  most  internal  or  central  part 
of  the  bundle,  the  protophloem  the  most  external  or  peripheral 
part;  on  tracing  a  bundle  into  a  leaf  which  is  dorsi ventral,  and 
lies  in  a  nearly  horizontal  plane  of  expansion,  the  xylem  of  the 
conjoint  bundle  will  be  found  to  lie  towards  the  upper  (ventral) 
anrface  of  the  leaf,  with  the  protoxylem  uppermost,  whilst  the 
phloem  is  directed  towards  the  lower  (dorsal)  surface,  with  the 
protophloem  lowermost ;  the  description  of  the  position  and  rela- 
tions of  the  bundle  roust  be  in  accordance  with  the  symmetry  of 
the  member  of  which  it  forms  part. 

The  Termination  of  the  Vascular  Bundle,  The  gradual  thinning 
OQt  and  termination  of  the  vascular  bundle  can  nowhere  be  more 
satisfactorily  studied  than  in  leaves.  The  bundles,  when  traced 
towards  their  ultimate  ramifications,  are  seen  to  diminish  in  bulk 
in  conseqaence,  partly,  of  a  reduction  in  number  of  the  constituent 
elements,  and  partly  also  to  the  smaller  size  of  the  elements  which 
^tillremain.  The  mode  of  termination  of  the  vascular  bundles  in 
foliage-leaves  is  briefly  as  follows.  In  many  cases  the  bundles 
ha?e  only  free  ends,  as  in  most  Pteiidophyta  (e.g.  Adiantum, 
Seiaginella),  and  generally  in  small  reduced  leaves.  In  others, 
there  are  no  free  ends,  but  the  finer  branches  anastomose  with  each 
other  to  form  a  closed  system;  this  is  characteristically  the  case 
where  the  venation  is  parallel  (e.g.  Monocotyledons,  see  p.  55). 
1q  others,  again,  the  finer  branches  anastomose,  forming  a  network 
^m  the  meshes  of  which  the  ultimate  branches  project  among  the 
mesophyll.cells  as  free  ends :  this  obtains  generally  among  Dicoty- 
ledons.  The  free  ends  of  the  bundles  consist  of  one  or  two  xovra 
of  short tracbeids  with  close  spiral  markings;  no  sieve- tubes  can 
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be  traced  quite  to  tlio  extremity  ;  they  disappear  farther  back, 
and  their  place  is  taken  by  parenchymatons  cells. 

Bandies  often  terminate  in  connection  with  f^landalar  tissae; 
for  instance,  in  chalk-glands  (see  Fig.  100,  p.  139),  or  nectaries. 

§  34.  Histology  of  the  Development  of  Secondary 
Members.  It  has  been  already  pointed  oat  (p.  17)  that  the 
growing- point  is  the  seat  of  development,  not  only  of  new  tissae, 
bat  also  of  new  members;  and  farther  (p.  19),  that  secondary 
members  are  developed  either  by  dichotomy  or  by  lateral  oat- 
growth. 

A.  Development  of  normal  brancTies  of  ilie  shoot  or  of  the  thallus. 
only  takes  place  at  the  growing-point,  whether  apical  or  inter- 
calary. 

a.  By  dichotomy.  This  only  occnrs  in  apical  growing-points; 
two  modes  may  be  distingaished  accordingly  as  the  growing-point 
has  or  has  not  an  apical  cell : 


A 

Tig.  140.— a  B  C  tncoessiTe  stAs^M  in  trae  diohotomous  branching^  by  lon^ttadinnl 
dlyision  of  »n  apical  cell ;  from  the  sboot  of  Dietyota  dio'totoma  (highly  magnifled ;  after 
Kaegeli). 

— when  there  is  an  apfcal  cell,  ti*ae  dichotomons  branching  is 
effected  by  the  longitudinal  division  of  the  apical  cell  into  two, 
each  of  which  becomes  the  apical  cell  of  a  branch : 

A  spurions  form  of  dichotomy  oocnrs  in  some  plants  {e.g.  thalloid  Janger- 
manniacesD);  here,  though  the  apical  cell  of  the  braDch  is  developed  from  a  seg- 
ment of  the  apical  cell  of  the  main  shoot,  yet  since  the  really  lateral  branch 
grows  quite  as  vigorously  as  the  main  shoot,  the  result  is  an  apparently  dicho- 
tomous  branching. 

— when  there  is  no  apical  cell,  the  growing- point  becomes 
broadened,  and  the  central  portion  of  it  passes  over  into  condition 
of  permanent  tissae,  leaving  two  distinct  masses  of  embryonic 
tissae,  which  constitate  the  growing-points  of  the  two  branches 
(e.g.  Marchantiacefle). 

h.  By  lateral  outgrowth ;  this  may  occur  in  either  an  apical  or 
intercalary  growing-point : 
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— tchen  tltere  U  a  single  initial  cell  in  the  growing-point,  tlie 
growing-point  of  the  branch  is  developed  either  directly  from  the 
initial  cell  itself,  as  in  some  Algae  (Fig.  141  A),  or  more  com- 
monly from  a  segment  of  the  initial  cell,  as  in  manj  Algoe  (Fig. 
1^1  C\  Mosses,  Liverworts,  etc. : 

—v:ken  there  is  not  a  single  initial  cell  (e,g.  Phanerogams),  the 
growing.point  of  the  branch  is  formed  bj  division  of  cells  of  the 
pcribjem,  including  several  layers,  which  grow  and  divide,  form- 
*Q8f  a  lateral  protuberance  with  the  growth  of  which  the  dermato- 
g«n  keeps  pace ;  the  primary  meristem  of  the  branch  undergoes 
differentiation  into  tissne-systems  corresponding  to  those  of  the 
parent  members,  and  continuous  with  them. 


Fw.  141.— lUuatrating  deyelopment  of  lateml  members ;  A  {8t\/f>ocauU>n  tcoparium,  x  80): 
fromthetpictloenitaelf :  BiD^amamtia  liguUUa,  x  60)  from  the  B<^gmentii  of  an  inter- 
cal>f7ffroiiing.poiAt;  C(Ohatop«erw  ptumoso,  k  40)  from  the  segments  of  the  apical  cell. 
(iftvEiIkenbcrg). 

Normal  branches,  however  the  details  of  their  development  may 
vary,  agree  in  this,  that  they  are,  with  rare  exceptions  (see  p. 
20),  of  exogenous  origin.  ^ 

B.  Development  of  Leaves  only  takes  place  at  the  growing-point 
of  astern,  and  always  by  lateral  outgrowth  (see  p.  45). 

When  the  growing-point  of  the  stem  ha^  a  single  initial  cell,  the 
growiog-point  of  the  leaf  is  developed  either  from  the  apical  cell 
ititelf,  or,  more  commonly,  from  the  whole  or  a  part  of  a  segment 
of  the  apical  cell. 

When  the  growing-point  of  the  stein  has  not  a  single  initial  cell,  aa 
in  Phanerogams,  the  growing.point  of  the  leaf  is  formed  by  the 
dirision  of  cells  belonging  to  one  or  more  of  the  superficial  layers 
of  the  periblem,  accompanied  by  growth  and  division  of  the  cor- 
responding cells  of  the  dermatogcn. 
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The  primary  meristem  of  the  leaf  becomes  differentiated  into 
tissue- systems  corresponding  to,  and  continuous  with,  those  of  the 
stem  which  bears  it.  In  the  developing  leaves  of  those  vascular 
plants  which  have  common  bundles  (see  p.  177),  the  differentia- 
tion of  the  protoxylem  begins  at  the  point  of  junction  of  leaf  and 
stem,  extending  outwards  in  the  procambium-strands  of  the  leaf, 
and  inwards  in  those  of  the  stem. 

The  development  of  secondary  branches  of  the  leaf  takes  place 
in  essentially  the  same  manner  as  that  of  the  leaf  from  the  stem. 
Dichotomous  branching  of  the  leaf  (see  p.  51)  takes  place  in  the 
same  way  as  dichotomous  branching  of  the  stem. 

It  will  be  seen  that  the  development  of  a  leaf  on  any  stem  takes 
place  in  essentially  the  same  way  as  the  development  of  a  lateral 
branch  on  that  stem ;  it  is  only  later  that  leaves  and  branches 
assume  their  distinctive  characters. 

C,  Development  of  Branches  of  the  Root,  It  has  been  pointed  out 
that  the  only  normal  secondary  members  produced  by  the  root 
are  root-branches,  or  secondary  roots;  these  may  be  developed 
either  by  dichotomy  or  by  lateral  outgrowth. 

a.  By  dichot(tmy.  This  has  only  been  observed  in  certain  sporo- 
phytes  among  the  Pteridophyta  (Lycopodium,  Isoetes).  Here  the 
growing-point  broadens,  under  the  root-cap,  the  central  portion 
passing  over  into  permanent  tissue,  whilst  the  two  sides  remain 
merismatic  and  form  the  growing-poinU  of  the  two  secondary 
roots ;  the  old  root-cap  is  exfoliated,  and  each  growing-poiut  forms 
a  new  one  for  itself.  The  successive  dichotomies  take  place  in 
planes  at  right  angles  to  each  other. 

b.  By  lateral  outgrowth.  It  has  been  already  stated  (p.  62)  that 
the  lateral  development  of  secondary  membera  does  not  take 
place  at  the  growing-point  of  the  root,  but  at  a  considerable 
distance  behind  it,  where  the  tissues  have  already  assumed 
their  permanent  differentiation.  The  lateral  roots  are  developed 
endogenously  from  a  layer  of  this  tissue  which  remains  embryonic 
longer  than  the  adjacent  tissues.  This  layer  may  be  either  the 
pei-icycle,  as  in  Phanerogams,  or  the  endodermia,  as  in  most  Vascular 
Cryptogams. 

In  the  Phanerogams  (Fig.  142),  the  growing-point  of  a  lateral 
root  is  formed  by  the  growth  and  division  of  a  group  of  pericycle- 
cells,  lying  usually  just  externally  to  the  outer  end  of  a  xylem- 
bundle ;  hence  there  are  as  many  longitudinal  rows  of  lateral  roots 
produced  as  there  are  xylem-bundles  in  the  parent  root,  and  cor- 
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respoDding  with  them  in  poRition.  Bnt  t.o  this  rule  there  are  some 
exceptions ;  for  instance,  when,  as  in  the  Grasses  and  Cyperaeeie, 
the  pericjcle  is  wanting  opposite  the  xylem-bnndles,  the  lateral 
roots  are  developed,  not  opposite  to  the  xjlem-bundles,  bat  opposite 
to  the  phloem-bandies ;  again,  when  there  are  only  two  xylem- 
bQndles  in  the  parent  root,  foar  rows  of  lateral  roots  are  produced 
each  root  being  developed  on  one  side  of  a  xylem- handle  of  tbo 
parent  root.  A  similar  displacement  occnrs  in  Umbellifene, 
Araliaceaei^  and  Pittosporaceee,  where  the  pericycle  is  interrupted 
opposite  to  each  xylem- bundle  by  an  oil-dact  (see  p.  168). 


A. 


Fi«.  liL—mnstmUiig  tbe  deyelopment  of  a  secondary  root  in  a  Phanerogam.  A  tmns- 
verve,  B  longitudinal,  section;  apepibleroa;  «n  endodermis;  pe  pericjcle  ;  10  protozylem 
ifid  6  phloem  of  the  parent-root :  re  root  cap ;  e  periblem«  and  pt  plerome,  of  the  de- 
veloping lateral  secondary  rx>ot.    (r«««daIJa  nudicatUu;  x  about  SCO ;  after  van  Tieghem). 

In  most  Vascular  Cryptogams  (except  Lycopodium  and  Isoetes, 
where  secondary  roots  are  produced  only  by  dichotomy),  the  apical 
cell  of  a  secondary  root  is  formed  from  one  of  a  row  of  large 
endodermal  cells,  the  rhizogenic  cells,  lying  just  externally  to  each 
xylem-bundle  of  the  parent  root.  In  Equisetum,  where  the  endo- 
dennig  consists  of  two  layers  (see  p.  165),  the  secondary  roots  are 
de?eloped  from  cells  belonging  exclusively  to  the  inner  layer, 
which  are  adjacent  to  the  xylem-bundles. 
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It  will  be  underatood  that,  in  order  to  reach  the  surface,  the  lateral  secondary 
roots  must  penetrate  the  external  tissaes  of  the  parent  root.  This  is  not 
effected  by  purely  mechanical  means,  but  by  chemical  action,  leading  to  solution 
and  absorption,  exerted  on  the  tissues,  either  by  the  rootlet  itself,  or,  more 
commonly,  by  a  digeHive  $ae  which  invests  the  rootlet,  and  is  formed  in  Phanero- 
gams by  the  growth  and  dirision  of  the  cells  of  the  endodermis  (and  sometimes 
one  or  two  layers  of  cortical  cells),  in  Vascular  Cryptogams,  by  the  growth  and 
division  of  one  or  more  of  inner  layers  of  cortical  cells  just  external  to  the  endo- 
dermis, of  the  parent  root. 

D.  Development  of  Hairs,  These  stract'Qres  are  in  all  cases 
developed  from  the  superficial  cells  of  the  parent  member,  that  is, 
from  dermatogen-cells  in  those  parts  in  which  this  layer  is  differ- 
entiated ;  in  the  gi'eat  majority  of  cases  each  hair  arises  from  a 
single  soperficial  cell.  Hairs  are  generally  developed  in  acropetal 
succession,  bnt  considerable  irregularity  is  not  uncommon,  and 
they  are  frequently  developed  on  members  in  which  the  tissues 
have  already  acquired  their  permanent  characters  (see  p.  64). 

E.  Developmetvt  of  Emergences.  When  exogenous  they  are 
developed  from  the  superficial  and  from  one  or  more  of  the  sub- 
jacent layers  of  tissue  of  the  parent  member,  that  is,  from  the 
dermatogen  and  periblem  of  those  members  in  which  this  differen- 
tiation of  the  primary  meristem  obtains.  When  they  are  endo- 
genous (e.g.  haustoria  of  Cuscuta,  see  p.  67),  they  are  developed 
exclusively  fi'om  the  periblem. 

The  haustoria  of  these  parasitic  plants  are  frequently  regarded  as  roots,  either 
normal  or  adventitious,  especially  in  the  exceptional  case  of  endogenous  origiu ; 
but  this  view  is  inadmissible,  in  the  first  place,  because  they  are  developed,  not 
from  the  pericycle,  but  from  the  cortex  of  the  parent-member;  and  in  tbe 
second,  because,  with  the  mode  of  origin,  they  are  developed  relatively  late, 
whereas,  in  accordance  with  the  general  rule  (see  p.  190),  they  ought,  were 
they  roots,  to  take  origin  from  more  deeply  seated  tissues  of  the  parent 
member. 

F.  Development  nf  Reproductive  Organs.  The  question  as  to  the 
relation  of  these  members  to  the  primary  meristem,  only  arises 
with  reference  to  those  plants,  the  bodies  of  which  consist  of 
many  layers  of  tissue ;  their  origin  in  plants,  the  bodies  of  which 
consist  either  of  filaments,  or  of  flattened  expansions  of  a  single 
layer  of  cells,  need  not  be  considered  here. 

In  the  cases  under  consideration,  the  reproductive  organs  may 
be  developed  either  from  the  superficial  layer  alone,  or  from  that 
and  one  or  more  of  the  subjacent  layers. 
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Organs  developed  from  the  superficial  layer  alone  (dermatogen 
when  differentiated)  :  these  maj  be  developed  each  from  a  single 
cell ;  as  all  sexual  organs ;  sporangia  of  all  Ferns  (except  Ophio- 
glossacesB  and  Marattiaceie)  i.e.  all  leptosporangiate  Ferns  and 
Bbizocarps  (Hydropteridese) ;  or  they  may  be  developed  from  a 
group  of  superficial  cells,  as  the  sporangia  of  the  OphioglossacesB 
and  Marattiaceas  (ensporangiate  Ferns),  of  Equisetnm,  the  Lyco- 
podiacece,  Selaginella. 

The  antheridia  of  Fncns  are  peonliar  in  thai  they  are  single  terminal  cells  of 
bracehed  bairs.  It  is  a  qaestion  whether  or  not  the  autheridia  of  Antlioceros 
(U?erworts)  are  of  endogenoos  origin.  la  Mosses  the  apical  cell  of  the  adult 
ihoot  generally  gi?e  rise  to  a  sexual  organ. 

Organs  developed  from  the  superfi^clal  and  deeper  layers.  In  most 
cues  the  organ  is  developed  from  the  superficial  and  the  subjacent 
(lijpodermal)  layer,  e.g,  microsporangia  (pollen-sacs)  and  maci*o- 
sporangia  (ovnles)  of  most  Phanerogams ;  in  some  cases  cells  of 
006  or  more  deeper  layers  take  part  in  the  formation  of  th^  organ 
(e.^.  sporangia  of  Isoetes,  ovules  of  Greum,  Symphytum,  Verbascum, 
etc.) ;  rarely  only  a  single  cell  of  the  hypodermal  layer  is  con- 
cerned {e.g,  ovule  of  Orchids) ;  in  Balanophora  the  ovule  appears 
to  be  developed  from  a  single  superficial  cell. 

The  primitiTe  sporogenons  tissue  (archesporium,  see  p.  73)  is,  in  the  sporangia 
ofsUVasealar  Plants,  derived  from  the  hypodermal  layer  of  the  young  spor- 
tngiom ;  it  may  consist  of  a  single  cell,  or  of  a  row  of  cells,  or  of  a  layer  of  cells. 
Id  the  Mosses  the  aroliesporium  is  more  deep'y  seated,  ai-ising  from  the  ex- 
tendi Ujer  of  the  endothecium  (rudimentary  plerome)  as  in  most  Mosses,  or 
from  the  innermost  layer  of  the  amphithecinm  (rudimentary  periblem)  as  in 
Sphignom  and  in  the  Liverwort  Anthoceros. 

G,  The  Development  of  Adventitious  Secondary  Members  (see  p. 
21). 

1.  On  the  stem.  The  most  common  case  is  that  of  the  develop- 
ment of  roots,  but  occasionally  shoots  (buds)  are  developed  ad- 
TeDtitioQsly. 

The  adventitious  development  of  roots  on  the  stem  takes  place 
most  commonly  by  the  formation  of  a  growing-point,  by  the  divi- 
sion of  a  group  of  pericycle-cells  in  the  way  described  above 
(p- 186)  with  reference  to  the  development  of  normal  lateral  roots 
on  the  parent  root.  In  any  one  plant  the  two  processes  are  similar 
m  every  detail.  When  they  are  developed  on  old  stems,  they 
^nse  from  more  deeply  placed  tissues,  such  as  those  of  the  primary 
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or  even  the  secondary  bast.  In  both  these  ciises  the  adventitions 
i-oot  is  developed  endogononsly. 

In  other  cases,  adventitious  roots  are  developed  from  more 
snperficial  layers  of  tissue  (e.g^  Eqnisetum,  Selaginella;  roots 
developed  in  connection  with  bnds,  as  in  Battunculus  Ficai-ia^ 
Nasturtium,  Cardaniine,  Anemone,  etc.)  that  is,  exogenonsly. 

The  advenlitious  development  of  buds  on  the  stem  may  take  place 
either  exogeuously  or  endogenously.  In  the  former  case  the  buds 
may  be  developed  each  from  a  single  epidermal  cell  (e.g.  Begonia 
prolifera,  underground  shoots  of  Psilotum),  or  from  the  epidermis 
and  subjacent  layers  (e.g.  Linaria  vulgaris).  In  the  latter  case 
the  adventitious  bud  arises  from  the  pericycle  (e.g.  Gnscuta, 
epicotyl  of  Convolvulus  arvensis). 

Adventitious  buds  are  commonly  develrtped  in  the  Algie  and  Liverworts, 
eitber  exogenouslj,  from  single  snperficial  cells  at  the  margin  or  on  the  sarface 
of  tbe  thallus  of  Delesseria  and  other  Algi{>,  or  of  thai  of  Metzge.na  furcata 
among  Liverworts,  or  endogenously,  as  in  Fuous  and  apparently  also  in 
Metzgeria. 

2.  On  the  root.  Adventitious  buds  may  be  formed  either  exo- 
geuously or  endogenously  on  the  root ;  in  the  former  case  they 
arise  from  the  superficial  layers  {e.g.  Aristolochia  Clematitis)  ;  in 
the  latter,  from  the  pericycle  {e.g.  Alliaria  officinalis^  Anetuone 
sylvestris,  etc.) 

3.  On  the  lenf.  Adventitious  buds  developed  on  leaves  are  of 
exogenous  origin,  the  epidermis  being  more  especially  concerned 
in  their  production.  Adventitious  roots  are  usually  of  endogenous 
origin,  being  derived  from  cells  of  the  pericycle;  but  in  some 
cases  {e.g.  Card  amine  pratensisy  NaMurtiuin  officinale  and  silveslris), 
where  they  arise  in  direct  connexion  with  adventitious  budn, 
they  are  exogenous,  being  derived  from  the  epidermis  and  the 
superficial  cortical  layers  of  the  axis  of  the  bud. 

Adventitious  buds  and  roots  are  also  developed  from  the  callus  (see  p.  21) 
formed  on  the  injured  surfaces  of  stems,  roots,  and  leaf-stalks :  the  former  m.«y 
be  endogenous  or  exogenous,  the  latter  are  endogenous. 

From  the  foregoing  account  of  the  development  of  adventitious 
buds  and  roots,  it  is  clear  that  no  definite  rule  as  to  their  mode  of 
origin  can  be  laid  down,  based  on  their  morphological  character. 
However,  the  following  rule  appears  to  hold  good,  that  the  mode 
of  origin  of  an  adventitious  member  depends  upon  the  age  of  the 
part  from  which  it  is  developed :  when  the  part  is  very  young,  the 
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adventitioos  member  is  developed  exogenous!  j ;  when  the  part  is 
older  with  its  tissaes  more  or  less  differentiated,  the  adventitious 
member  is  developed  endogeneousl j,  usually  from  the  pericycle, 
but  sometimes  from  still  deeper  tissues,  according  to  the  relative 
age  of  the  part. 

§  35.  The  Formation  of  Secondary  Tissue.  In  addition 
to  the  formation  of  primary  tissue  from  the  primary  meristem  of 
the  growing-point,  as  above  described,  a  formation  of  secondary 
tifisue  takes  place  in  many  plants,  which  is  in  most  cases  associated 
irith  a  growth  in  thickness  and  may  give  rise  to  secondary  stelar 
tissue,  or  to  secondary  extra-stelar  tissue. 

A,  The  Normal  Formation  of  Secondary  Stelar  Tissue  in  the 
stem  takes  place  in  most  Gymnosperms  and  Dicotyledons  (as 
also  in  some  OphiosrlossanecD),  and  is  effected  by  the  continuous 
mensmatic  activity  of  the  cambium  of  their  open  collateral 
bandies.      These    are 

arranged   in    a  circle  *  IL 

in  a  transverse   sec-  ^^       >v  /K  ^C^  A* 

tion  (Fig.  143  A)  :  the 
commencement  of 
growth  in  thickness 
is  preceded  by  tan- 
gential divisions  in 
the  conjunctive  tissue 
(Fig.  1.39)  which  lies 
between  the  bundles ; 
this  gives  rise  to  cam- 
bio  m  which  becomes 
coDtiuuous  with  that  of  the  vascular  bundles.  A  closed  hollow 
cylinder  is  thus  formed,  which  appears,  in  a  transverse  section, 
as  a  ring,  the  cambium-ring  (Fig.  143  B  c)  completely  separating 
the  pith  from  the  cortex :  it  consists  of  two  portions  correspond- 
ing to  its  mode  of  origin ;  f oscular  cambium^  i.e.  the  cambium 
belonging  to  the  vascular  bundles,  and  the  inter-fa^cicular  cambium, 
t.e.  that  which  is  formed  between  the  bundles  in  the  primary 
medullary  rays  (see  Fig.  130). 

A  cambium-ring  is  likewise  formed  in  the  root  of  these  plants 
(Fig.  144).  The  first  indication  of  the  formation  of  a  cambium- 
layer  is  the  division  of  the  cells  of  the  conjunctive  parenchyma  on 
the  inner  surface  of  each  bast-bundle :  then  those  on  the  flanks 
of  the  bast-bundles  begin  to  divide ;  and  thus  a  number  of  arcs 


Fie.  143.— Diafrmmmatlc  transyene  sections  ol  a 
normal  dicotyledonoas  stem  T\hi3h  grows  in  thickness. 
A  Yeryjonixg:  there  are  Ave  isolated  bundles;  in  pith; 
r  cortex;  b' pHmnry  baHt ;  fc' pritnnry  wood;  ccambiam. 
B  After  growtti  in  thickness  has  commenced:  Msecon- 
dary  wood ;  b*  secoadar^'  bast. 
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of  cambium  are  formed,  extending  from  the  inner  surface  of  each 
bast-bundle  to  the  pericjcle.  The  pericycle-cells  lying  externally 
to  the  outer  ends  (protoxylem)  of  the  wood-bundles  now  divide, 
and  connect  the  arcs  of  cambium.  Thus  a  continuous  cambium- 
layer  is  formed,  which  has  at  first  a  wavy  outline,  as  seen  in 
ti*ansverse  section,  but  which  becomes  circular  as  the  development 
of  the  secondary  tissue  proceeds. 

The  cambium-layer  of  the  primary  root  is  continuous  with  that 
of  the  primary  stem ;  hence,  in  a  plant  in  which  stem  and  root 
grow  in  thickness,  there  is  a  continuous  layer  of  merismatic  tissue 
extending  fi»ora  one  end  of  it  to  the  other ;  for  the  cambium  of 
the  branches  of  both  stem  and  root  is  continuous  with  that  of  the 

primary  membera ;  and  fur- 
ther, the  cambium  is'  con- 
tihuous  with  the  merismatic 
tissue  of  the  gfrowing-point^; 
of  the  primary  stem  and  root 
and  of  their  branches. 

The  cells  of  the  cambium- 
ring,  in  the  stem  and  root 
alike,  constantly  undergo 
both  tangential  and  radial 
division,  so  that  the  number 
of  the  cells  increases  in  the 
radial  direction  as  well  as 
in  the  circumferential  ;  the 
growth  of  these  cells  pro- 
duces an  extension  of  the 
organ  in  both  these  direc- 
tions. Of  the  cells  formed 
by  tangential  division,  those 
lying  on  the  inner  side  of  tiie 
cambium,  are  transformed  into  the  elements  of  the  wood  (Fig. 
14H  Bh'),  those  on  the  outer  side,  into  the  elements  of  the  bast, 
while  the  cells  of  the  intermediate  zone  continue  to  be  capable  of 
dividing.  The  activity  of  the  cambium  thus  gives  rise  to  secondary 
wood  and  secondary  bast,  as  distinguished  from  the  primary  con- 
stituents of  the  bundle,  which  existed  previously  to,  and  indepen- 
dently of,  the  activity  of  the  cambium.  The  primary  wood  of  the 
bundle  is  thus  the  innermost  part  of  it,  and  the  primary  bast  the 
most  external. 


Fie.  l-U.— Transrerse  nectlon  of  the  stele  of 
the  root  of  Sambucug  nigra,  where  »econ<lary 
growth  in  thickneM  ie  commencing,  r  Cor. 
tex ;  «d  endodermis  ;  po  pericjrde :  c  x  x  the 
three  groups  of  protoxylem ;  p  p  p  the  three 
groups  of  pbloem ;  e  dividing  cells  of  the  con- 
junctive tissue  forming  part  of  the  developing 
cambium-ring. 
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The  tongential  division  of 
the  etmbium-oellB  takes  place 
in  t  regular  order,  termed,  in 
honour  of  the  disooyerer,  SanioU 
law  of  cambial  divUicn.  Each 
cafflhimn-eell  divides  into  two 
by  s  tangential  (parallel  to  sar- 
fiee  of  memher)  wall ;  one  of 
these  two  cells  reipains  meris- 
matic,^the  other  undergoes 
further  division,  by  a  tangential 
vail,  into  two  which  may  be 
either  directly  conyerted  into 
permanent  tissue  (either  wood 
or  bast)  or  after  having  under- 
gone yet  another  tangential 
diviaion.  When  an  addition  is 
to  be  made  to  the  wood,  the 
ooter  of  the  two  first-formed 
eelli  remains  merismatic,  the 
ianer  forming  permanent  tis- 
sue ;  when  to  the  hast,  it  is  the 
inner  of  the  two  first- formed 
oeDs  which  remains  merismatic, 
tsd  the  outer  which  is  con- 
▼ffted  into  permanent  tissue. 

Kot  only  does  the  fascicular 
csfflbiom  add  secondary  wood 
tsd  bast  to  the  primary  bundles 
of  the  ktem,  but  the  interfasci- 
eolar  cambium  generally  forms 
(except  Henispermaceie,  Cu- 
nrbitacee,  woody  Piperaceie, 
AnsU>loehia»  Casnarina,  and 
seme  other  plants,  where  it 
only  fonns  conjunctive  tissue) 
ner  iteondary  bundles  between 


Fift.  I4S.— Part  of  a  transTerse 
Mctiim  of  a  branch  of  Plniu  tylves. 
tna.  inortrating  the  development  of 
t^«»  from  fcba  cambium :  (he  lower 
P>rt  of  the  »ection  is  the  centnl 
i«codX  tbe  upper  the  peripheral 
<ba«4)  1 1  initial  ay er  (cambium  pro- 
vo),  oc  each  aide  of  which  are  still 
y^ag  de«iBos«n.ieeI]a  in  process  of  differentiation  into  either  wood  or  bast ;  1,  2, 3  joung 
^Itm-trtcheida.  with  developing  bordered  pits;  I:  cells  of  the  bast-parenchyma  with 
"^  contents;  «  siove-tubo  i^ith  lateral  sieve-plate;  m  a  medullary  ray,  to  which 
•***«»•  an  also  made  in  the  cambial  region.    (After  Straaburgcr  i  x  MO.) 
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the  primary,  and  in  this  way  a  compact  ring  of  wood  and  of  bast  is  formed. 
These  secondary  bundles  are  of  coarse  destitate  of  protozylem  and  proto- 
phloem. 

In  roots  the  secondary  vascular  tissue  is  developed  in  essentially  the  same 
manner  as  in  the  stem ;  the  wood  inwards,  the  bast  outwards,  from  the  cam- 
bium-layer;  and  the  same  forms  of  tissue  are  produced.  It  is.  however,  only  in 
certain  cases  (e.g.  Taraxacum,  Scorzonera  hiipanica,  Bnbia,  Tazus,  Cnpressns, 
etc.)  that  the  cambium  of  the  root  produces  wood  internally,  and  bast  extern- 
ally, over  its  whole  surface,  so  that  a  complete  ring  of  secondary  yaftcnlar 
tissue  is  formed :  in  most  cases  (e.g,  Centranthns,  Tropieolum,  Urtica,  Cucur- 

bita,  Phaseolus,  Convolvulus,  Clasia,  etc.) 
I'  pi  secondary  vascular  tissue  is  formed  only 

opposite  to  the  primary  bast-bundles, 
whereas,  opposite  to  the  primary  wood- 
bundles,  the  cambium  produces  only 
ground- tissue,  thus  giving  rise  to  broad 
medullary  rays  opposite  to  these  bundles 
(Fig.  14C). 


The  Tissues  developed  from  the 
Cambium, —  In  stems  and  roots  in 
which  the  growth  in  thickness  is 
normal,  the  cambium  gives  rise  to 
secondary  wood,  secondary  bast,  and 
secondary  conjunctive  tissue  (me- 
dullary rays). 

The  structure  of  the  secondary  tcood 
differs  essentially  from  that  of  the 
primary  wood  only  in  that  it  in- 
cludes no  spiral  or  annular  vessels 
resembling  those  of  the  protoxylem 
(see  p.  176).  It  always  inclndes 
tracheal  tissue ;  nearly  always  wood- 
parenchyma  (see  p.  132) ;  frequently 
sclerenchyma :  the  cell-walls  of  all 
these  forms  of  tissue  are  usaally 
more  or  less  completely  lignified. 

The  secondary  tracheal  tissue  may 
consist  either  solely  of  tracheae  (e.g. 
Platanus,     Fraxinfts    exceUuyr    and 


Fie.  140.— ii  Transverse  teotion  of 
a  joong  root  of  Pha««oltt«  muUifLoru* : 
TpT  cortex ;  m  pith ;  m  stele ;  g  primnry 
xylem-bandles ;  b  primary  pbloem* 
baudles.  JB  Transverse  section  of  an 
older  root  of  the  same  plant,  which 
is  growing  in  thickness :  V  secondary 
bast :  k  periderm :  the  four  rays  ex- 
tending to  near  the  centre  consist 
of  secondary  frround-tissue,  and  cor- 
respond  in  position  to  the  primary 
wood-bnndles.  (Sliglitly  magnified; 
after  Sachs.) 


Ornus^  Citrus,  Viscum,  Hydrangea); 
or  solely  of  tracheids  {eg,  Coniferae,  Dnmys  Winteri)  ;  or,  as  is 
generally  the  case,  of  both  tracheae  and  tracheids.  The  cell- walls 
of  the  tracheal  tissue  are,  as  a  rale,  marked  with  bordered  pits ; 
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but  occasionally,  especially  in  soft  wood,  the  walld  are  retlculately 

thickened. 

Th  Kcondary  tcood-parenehyma  consists  of  oblong  cells,  which 
are  generally  so  arranged  that  their  long  axes  are  parallel  to  that 
of  the  member  of  which  they  form  part :  they  occur  in  short 
longitudical  strands,  consisting  commonly  of  -a  single  row  of  cells 
(Fig.  148  C),  bnt  sometimes,  in  the  middle  only,  of  more  than  one 


Fi».  W.—TnxMrenB  section  of  %  root  of  the  Tew  (Taxu9  haeeata)  which  has  began  to 
row  in  ihickneM :  e  cortex ;  m  inner  cortical  layer  (see  p.  16(S) ;  e  endodermis ;  p  peri- 
od*; i  pr^toxylem-ffronp  of  one  of  the  two  oonflnent  primary  zylem'bandles ;  t'  trachoids 
<i  primary  wood ;  /  interfascicular  conjunctive  tisane ;  f*  secondary  wood  formed  from  a 
c&mbivm-layer  situated  jnst  eztemally  to  it ;  v"  secondary  bast ;  v*  primary  bast  which 
ii  beecmii:^  crashed  and  disorganised  by  the  cambial  development  of  new  tissues ;  k  cells 
of  Koondary  bast,  containing  ciystali;  r  cells  of  pericyde  containing  resin.  (After  Stras- 
bwuer;  X  42>. 

TOW.  They  are  tme  cells,  containing  protoplasm  and  a  nnclens. 
and  other  substances,  such  as  starch  (especially  in  perennial  stems 
Mid  roots  in  winter),  tannin,  etc.  Their  walls  are  generally 
l»gnified,  but  usually  not  very  mnch  thickened,  and  have  circular 
or  elliptical  simple  pits.  In  many  soft  fleshy  stems  and  roots 
(e.g.  Potato,  Radish,  Turnip,  Beetroot),  where  this  tissue  is  the 
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principal  prodadi  of  the  activity  of  the  cambiam,  the  cell-walls 


are  not  lignified. 

The  secondary  sclerenchyma  consists  of  elongated  pros- 

enchjmatons  cellp,  with  more  or  less  thickened  lignified 
walls  marked  with  narrow  ot>liqne  bordered  pits 
(Fig.  94,  p.  134;  Fig.  148  A,  B).  Two  forms 
of  this  tissue  arc  distinguishable :  tcoody  fibres 
destitute  of  protoplasmic  contents,  which  are 
connected  by  transitional  forms  with  the  tracheids 


I 


It 


Fio.  148.— I«ol»tcd  ooMtltaeata  of  the  secondary  wood  of  the  Lime  (Tttia 
paiT»/olia).  A  and  B  wood-ftbreaj  C  wood-porench jma ;  Dand  S  traeheidt; 
F  segment  of  a  wood-vessel  (trachea).    G  is  a  bast-flbre.    (x  180;  after  Skras- 

bUTg&T,) 


(see  p.  134)  :  fihrcms  cells^  with  protoplasmic  cell-contents, 
which  are  allied  to  the  wood-parenchyma;  in  fact,  one 
fibrous  cell  corresponds  to  a  row  of  wood-parenchyma 
cells;  the  walls  of  the  fibrous  cells  sometimes  remain 
thin,  as  in  Viscum  and  some  other  plants,  where  they 
replace  the  wood-parenchyma  both  structurally  and  func- 
tionally.    Both  the  woody  fibres  and  the  thick-walled  fibrous  cells 
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may  erentnally  become  chambered  by  the  formation  of  delicate 
ti-ansTersc  septa  (see  p.  133). 

The  strnctare  of  the  secondary  wood  of  the  root  is  in  some  cases 
(e.g.  Conifers)  almost  identical  with  that  of  the  corresponding 
stem ;  this  is  the  case,  to  a  somewhat  less  degree,  in  woody  Dicoty- 
ledons; whilst  in  herbaceous  Dicotyledons  the  structure  may  be 
very  different  in  the  two  members,  owing,  chiefly,  to  the  develop- 
ment of  more  wood- parenchyma,  but  less  fibrous  tissue,  in  the  root 
(see  above  p.  194). 

The  following  is  a  brief  ennmeration,  with  examples,  of  the  chief  varieties  of 
stractnre  presented  by  the  secondary  wood  of  the  stem. 
The  seeondarj  wood  may  consist — 

1.  Solely  of  tracheids :  Toziu  htieeata  (Yew),  Drimya  Winter i, 

2.  Of  tracheids  and  wood-parenchyma :  Conifers  (except  Taxus). 

3.  Of  vessels,  tracheids,  and  wood-parencbyma :  Ilex,  Staphylea,  Bosa, 
Pynu,  Cratsgns. 

4.  Of  vessels,  tracheids,  wood-parenchyma,  and  thin-walled  fibrous  cells : 
Jasminom,  Kerria.  Potentilla,  Casaarina,  Aristolochia. 

5.  Of  vessels,  tracheids,  thick- walled  fibrons  cells,  and  wood-parenchyma : 
Aeer,  Sambncns,  Eaonymns,  Vitis,  Fuchsia,  Hedera. 

6.  Of  vessels,  tracheids,  and  thin-  and  thick-walled  fibrous  cells :  Ephedra, 
Mibonia,  Berberis. 

7.  Of  vessels,  tracheids,  woody  fibre,  and  woodparencbyma :  Calycanthus, 
Bhamnos,  Bibes,  Qoercus,  Carpinns,  Pranus. 

8.  Of  vessels,  tracheids,  woody  fibre,  wood>parenchyma,  and  thin-walled 
fibnms  ceUs ;  thin  is  the  most  common  type  of  structure,  and  is  to  be  found 
in  most  dicotyledonous  trees  and  shrubs,  e.g,  Salix,  Popnlus,  Aluus,  Betula, 
Juglans,  Tilia,  Ailanthns,  Magnolia,  Bobinia,  Gleditschia,  Ulex. 

9.  Of  vessels,  woody  fibre,  and  wood-parenchyma :  Avicennia. 

10.  Of  vessels,  woody  fibre,  and  thin-walled  fibrous  cells :  Yiscnm. 

11«  Of  vessels,  woody  fibre,  wood-parenchyma,  thin-walled  fibrous  cells: 
nstanos,  Fraxinns,  Citrus. 

12.  Of  vessels,  thick-walled  fibrous  cells,  and  wood-parenchyma :  Cheiranthus, 
Begonia. 

A  transverse  section  of  a  stem  or  a  root  of  most  coniferous  or 
dicotyledonous  trees  or  shrubs  exhibits,  even  to  the  naked  eye,  a 
series  of  concentric  layers  in  the  secondary  wood  known  as  the 
Mnual  rings.  These  layers  i*esult  from  the  fact  that  the  wood 
formed  in  the  spring  is  differently  constituted  from  that  which  is 
formed  later  in  the  year.  The  anatomical  cause  of  the  distinct- 
ness of  the  annual  rings  is  the  same  in  all  cases,  namely,  that  the 
Ust-formed  xylem- elements  of  an  annual  ring  have  a  very  small 
radial  diameter.    In  Conifers  this  distinction  is  emphasized  by  the 
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fact  that  the  spring- wood  is  formed  of  thin- walled  tracheida  (Fig. 
150/)  and  the  antamn-wood  of  thick-walled  tracheids  (Fig.  150  h). 
In  dicotjledonons  trees  the  number  and  size  of  the  yensels 
diminishes  in  each  annual  ring  from  its  inner  to  its  outer  limit. 
When  this  takes  place  very  gradually,  the  eye  cannot  detect  any 
conspicuous  difference  between  the  spring-  and  autumn-wood  (as 
in  the  wood  of  the  Beech,  Lime,  Maple,  and  Walnut) ;  but  some 
kinds  of  wood  show  a  ring  of  conspicuously  large  vessels  in  the 
spring-wood,  while  in  the  antumn-wood  thei*e  are  numerous  much 
smaller  vessels  (as  in  the  wood  of  the  Oak,  Elm,  and  Ash). 


Fiu.  140.— Part  of  a  irausverse  section  of  % 
twig  of  the  Lime,  four  years  old  (slightly 
magnified):  m  pith;  ms  medullary  sheath;  x 
secondary  wood  ;  1  2  3  4  annual  rings ;  c  cam- 
bium ;  pa  dilated  outer  ends  of  primary  medul> 
lary  rays ;  b  bast ;  pr  primary  coriex ;  k  ourk. 


Fio.  160.— Transverse  section  of  por- 
tion of  the  fecondary  wood  of  a  branch 
of  the  Fir  at  the  junction  of  two  annual 
rirgs :  n  a  medullary  ray— all  the  other 
( elU  belong  to  the  wood ;  /  large-celled 
spring- wood;  K  small-celled  autumn* 
wood ;  IT  the  limit  between  the  autumn- 
wood  of  one  year  and  the  spring-wood 
of  the  following  year ;  between  h  and  « 
is  the  flattened  Umiting  layer  (x  350). 


The  thickness  of  the  annual  ring  varies  in  difTerent  plants,  and 
even  in  any  one  plant,  under  different  conditions  of  growth ;  and 
not  only  the  thickness,  but  also  the  number  and  relative  distri- 
bution of  the  constituents  of  the  wood. 

The  following  case  will  serve  to  illuatrate  the  variation  in  thickness  and 
structure  of  the  annual  ring.  In  a  well-grown  Ash-tree  {Fraxinvt  exceUior)  • 
the  annual  ring  was  found  to  be  2-3  mm.  in  thickness,  and  to  consist  of  an  in- 
ternal (spring)  zone  of  wide  vessels  with  wood-parenchyma  and  rather  tbin- 
walled  woody  fibres,  followed  by  a  layer  of  thick-walled  woody  fibres  with 
scattered  smaller  vessels  surrounded  by  wood-parenchyma,  and  then  by  an  ex- 
ternal (autumn)  zone  consisting  of  wood-p<irenchyma  with  small  very  thick- 
walled  vessels.    lu  vigorous  young  Ash-trees  growing  in  a  damp  soil,  the  annual 


§35.]  CflAPl'£li  U. — TttB   TISSUES.  199 

ring  iris  foQDd  to  be  15  mm.  in  thickness :  here  the  fibres  had  thinner  walls, 
and  the  ▼easels,  though  more  uniform  in  size,  were  not  quite  so  wide  as  in  the 
oizrover  ring  previously  described. 

The  aonnal  riog  is  by  no  means  always  of  equal  thickness  all  round  :  it  is 
frequently  thicker  on  one  side  of  a  stem  or  of  a  root  than  the  other,  so  that  the 
general  stmcturo  is  strongly  ezcentrio. 

The  secondaiy  wood  gradnallj  becomes  distingnishable  into  an 
older  inteiiial  portion,  the  heart-wood  (duramen),  and  a  younger 
oater  portion,  the  sap-wood  (alburnum).  This  arises  fi-om  the  fact 
that,  as  the  wood  becomes  older,  the  cells  of  the  wood-parench  jma 
and  the  fibrons  cells  die  and  lose  their  protoplasmic  cell-coutents ; 
as  a  oonseqaence,  the  heart- wood  has  less  water  in  its  composition 
than  the  sap-wood.  In  some  cases  this  change  is  accompanied  by 
a  oolonration  of  the  cell- walls  of  the  heart- wood,  with  the  result 
that  the  distinction  of  duramen  and  alburnum  is  most  marked 
(e^.  Pine,  Larch,  Oak)  ;  it  is  but  rarely  that  this  distinction  is  not 
observable  (e.g.  Baxus,  Acer pseudoplatanus  and  platauoides). 

The  gtructure  of  the  secondary  hast  essentially  resembles  that  of 
the  primary  bast.  It  always  consists  of  sieve-tubes  and  of  paren- 
chyma, and  very  frequently  of  thick- walled  fibres  as  well. 

The  sieve-tubes  of  the  secondary  bast  have  the  compound  sieve- 
plates  shown  in  Fig.  98,  p.  137 ;  in  Dicotyledons  they  have  com- 
panion-cells developed  in  relation  with  them..  The  parenchyma 
very  much  resembles  that  of  the  secondary  wood,  except  that  its 
cell-walls  are  not  lignified ;  it  is  abundantly  developed  in  certain 
fleshy  roots  (e.g.  Taraxacum,  Bubia,  and  the  Carrot  and  Parsnip), 
where  it  constitutes  the  chief  part  of  the  secondary  bast.  Prosen- 
chjmatous  cells  with  unlignified  walls,  corresponding  to  the  thin- 
w&Ued  fibrous  cells  of  the  secondary  wood  (p.  196),  are  sometimes 
present.  The  bast-fibres  closely  resemble  the  woody  fibres,  but 
their  walls  are  not  lignified  (Fig.  148  (7). 

In  many  cases  the  secondary  bast  contains  no  bast-fibres  (e.g. 
AbietinesB,  Fagus,  Betula,  Alnus,  Platanus,  Cornus,  Ephedra,  etc.). 
When,  as  is  usually  the  case,  bast- fibres  are  present,  their  arrange- 
ment presents  considerable  variety  :  there  may  be  alternating  tan- 
^ntial  layers  of  fibres  (hard  bast)  and  of  sieve-tubes  and  paren- 
chyma (soft  bast),  as  in  the  case  of  the  Cupressineaa  and  some 
TazoideiB,  and,  though  with  less  regularity,  in  many  Dicotyledons 
(e.j.  Vitis,  Spiraea,  species  of  Acer,  Tilia,  species  of  Salix,  etc.)  ; 
more  commonly  the  tangential  layers  of  fibres  are  interrupted  here 
»nd  there  by  soft  bast  (e.g.  Quercus,  Corylus,  Carpinus,  Pyrns, 
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Jnglans,  Sambucns,  Rhamnns,  Ulmus,  Populus) ;  or  there  may  be 
scattered  groups  of  fibres  (e.gr.  Cinchona,  Morns,  Larix,  Celtis, 
Fictis  elastica). 

The  secondary  bast  does  not,  as  a  rule,  attain  so  considerable  a 
size  as  the  secondary  wood,  nor  does  it  exhibit  annual  rings :  this 
is  due  to  the  fact  that,  except  in  some  fleshy  roots,  it  is  formed  in 
smaller  quantity,  and  further,  to  the  fact  that  the  older  bast  be- 
comes crushed  and  flattened  by  the  development  of  the  more 
internal  layers  subsequently  formed. 
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FiO.  151.— Hadial  longitadinal  section  of  the  wood  of  the  stem  of  a  Pine,  along  the  length 
of  a  medullary  ray  q  p  q,  consisting  of  six  horiaontal  rows  of  cells,  one  above  the  other  :— 
t  tracheids  with  bordered  pits ;  the  tracheids  h  with  smaller  bordered  pits  are  the  antamn- 
wood  of  one  year,  those  to  the  right  with  larger  pits  oonstitnte  the  spring- wood  of  the  next 
year ;  q  tracbeidal  elements  of  the  medullary  ray ;  p  tme  cells  of  the  ray :  where  the  oells 
of  the  medullary  rays  abut  on  the  tracheids  the  pits  are  simple  and  largj  ( x  300). 

The  structure  of  the  secondary  conjunctive  tissue  (medullary  rays). 
The  cambium-ring  not  only  adds  to  the  existing  primary  medul- 
lary rays,  but  gives  rise  to  new  (secondary,  tertiary)  rays  in  the 
successive  years  of  growth  (see  Fig.  149),  amongst  the  vascular 
tissue. 

The  cells  of  the  medullary  rays  are  typically  parenchymatous, 
somewhat  brick-shaped,  with  their  long  axes  along  radii  from  the 
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centre  to  the  periphery  of  the  member  (Fig.  149)  ;  their  more  or 
l€«8  thickened  walls  are  lignified  (p.  132),  and  they  have  proto- 
plasmic contents.     Occasionally,  however,  some  of  the  cells  of  a 
ny  lose  their  protoplasmic  contents  and  constitate  tracheids  {e,g. 
Ahietineffi,  Fig.  149  q  q)  \  in  some  few  cases  the  ray  consists  of 
longfihrons  cells,  in  place  of  parenchyma  {e,g,  shrubby  Begonias). 
The  raednllary  ray  i.s,  then,  a  strand  of  cells  passing  radially 
amoQ9  the  longitudinally  arranged  tissues  of  the  wood  and  of  the 
bast  (Fig.  149).     Its  size  varies,  even  in  the  same  member,  both 
as  regards  its  vertical  (height)  and  its  lateral  (breadth)  dimen- 
sions.  With  regard  to  the  former,  the  ray  may  consist  of  only  a 
single  row  of  cells  (as  in  Abietinea9,  Quercus,  Fagu.s)  ;  the  limits 
maj  be  generally  stated  at  1-12  rows  of  cells,  though  in  some 
cases  they  are  considerably  larger  than  this  when  they  include 
resin-ducts  {t.g,  Abietineee)  or  other  forms  of  secretory  tissue.     In 
>nj  case,  the    secondary   medullary 
rtjs,  unlike  the  primary,  do  not  ex- 
tend thronghout  the  whole  length  of 
an  internode.      The   breadth   of  the 
secondary  medullary  rays    is    never 
nearly  so  great  as  their  height:  as 
seen  in  tangential   longitudinal  sec- 
tion, they  are  narrow  above  and  below 
and  broader  in  the  middle ;  it  is  only 
in  the  middle  that  they  ever  consist 
of  more  than   one  row  of  cells  in 
breadth,  the  upper  and  lower  margins 
insisting  of-  a  single  row  only.    With 
regard  to  their  radial  extent,  it  is  only  the  primary  medullary 
layg  which  extend  from  pith  to  perioycle ;  the  subsequently  formed 
fays  (secondary,  tertiary,  etc.)  extend  between  the  wood  and  the 
bast  of  the  year  in  which  they  were  formed. 

is  instances  of  especially  large  secondary  medullary  rays  should 
be  mentioned  those  formed  in  roots  (see  Fig.  146,  p.  194)  where  the 
cambium  forms  only  conjunctive  tissue  opposite  the  primary 
xylem-bnndles. 

In  some  few  stems  the  formation  of  secondary  conjunctive  tissue 
is  especially  connected  with  the  primary  medullary  rays  (e,g, 
CocarbitaceeB,  Menispermaceee,  woody  Piperaceae,  Aristolochia, 
Casnarina,  Atragene,  Begonia,  Berberis,  etc.,  see  p.  193).  In  these 
plants  the  formation  of  secondary  vascular  tissue  is  confined  to  the 


Fxa.  152. —  DiagramniRtio  repre* 
sentation  of  tlie  course  of  the 
medallarj  rays  in  a  sef^nent  cnt 
out  of  the  wood  of  a  tree-tmnk. 
Q  Horizontal  surface;  12  Radial 
sarlkce;  T  Tangential  (external) 
surface  of  the  wood;  the  shaded 
portions  m  are  the  medallary  rays. 
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fascicular  cambiam,  the  interfascicalar  cambium  in  the  primary 
medullar  J  rays  giving  rise  only  to  conjunctive  tissue;  thus  the 
primary  medullary  rays  persist  as  bt*oad  bands  of  conjunctive 
tissue  between  the  bundles,  and  are  not  broken  up,  as  is  usually 
the  case,  by  the  formation  of  secondary  bundles  by  the  interfasci- 
cular cambium. 

A  certain  amount  of  seoondary  growth,  independently  of  the  cambiam,  takes 
place  in  some  cases  in  the  outer  portion,  eiternal  to  thecambiam,  of  the  primary 
medullary  rays  of  stems  growing  in  circumference.  In  all  cases  the  effect  of 
growth  in  circumference  is  to  tend  to  stretch  the  cells  in  a  tangential  direction. 
In  the  oases  under  consideration  {e.g.  Tilia,  Fig.  149,  p.  198)  the  cells  of  the  outer 
portion  of  the  primary  medullary  rays  yield  to  this  tension  more  than  the  rest 
of  the  tissue,  and  also  undergo  radial  division,  thus  the  bast-portions  of  the 
bundles  come  to  be  separated  by  considerable  areas  of  conjunctive  tissue. 

The  Differentiation  of  the  Secondary  Tissues, — The  cells,  formed 
as  the  result  of  division  in  the  ca*mbium,  which  are  to  become 
transformed  into  secondary  permanent  tissue  are  (apart  from  the 
primary  medullary  rays)  collectively  termed  secondary  desmogen 
(see  Fig.  145).  They  have,  to  begin  with,  the  same  form,  and 
structure  as  the  corresponding  cambium-cells  (see  p.  181),  but  they 
gradually  undergo  changes  in  both  respects,  as  they  become  trans- 
foiTued  into  permanent  tissue. 

The  development  of  the  desmogen-cell  into  one  or  other  of  the 
various  forms  of  permanent  tissue,  already  described,  may  be 
either  accompanied  or  unaccompanied  by  cell-division.  In  the 
former  case,  the  divisions  may  be  transverse  or  longitudinal ;  the 
desmogen-cell  undergoes  transverse  division  when  the  product  is 
a  row  of  short  cells  {e.g.  wood- parenchyma,  Fig.  153.2),  and  Fig. 
148  0;  bast-parenchyma;  secondary  medullary  rays;  wood- 
vessels  with  short  segments)  :  the  desmogen-cell  generally  under- 
goes longitudinal  division  once  or  twice,  by  tangential  walls,  soon 
after  it  has  been  cut  ofE  from  the  cambium  (Fig.  145) ;  but  this 
does  not  take  place  in  the  line  of  the  medullary  rays,  where  the 
radial  diameter  of  the  young  cells  is  greater  than  it  is  near  the 
bast  or  the  wood  ;  again,  the  desmogen-cells  may  undergo  longitu- 
dinal division  in  a  plane  other  than  the  tangential,  as  for  instance 
the  longitudinal  division  of  the  mother-cell,  which  separates  the 
sieve-tube-segment  from  the  companion-cell  in  the  bast  of  Angio- 
sperms. 

The  product  of  a  desmogen-cell  may  have  much  the  same  form 
and  size  as  the  desmogen-cell  (e.g,  small  medallary  rays  ;  rows  of 
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pareochjma-cells,  bast  or  wood;  thin-walled  fibrons  cells):  but 
more  commonlj  the  prod  act  differs  very  materially  from  the 
desmogen-cell,  being  very  much  wider  {e.g.  trachesB),  or  very  much 
longipr  longitadinally  (wood-  and  bast-fibres),  or  very  much  longer 
radially  {e.g.  cells  of  medullary  ray)  ;  that  is  to  say,  the  develop- 
ment of  the  desmogen-cell  into  permanent  tissue  is  generally 
accompanied  by  very  considerable  growth. 

The  radial  and  tangential  divisions  of 
the  cambium-cells  and  of  the  desmogen- 
cells  take  place  in  such  a  manner  that  the 
prodncts  are,  at  first,  arranged  in  very 
definite  radial  rows  (Fig.  145).  When 
the  resalting  tissue  consists  of  elements 
which  are  for  the  most  part  essentially 
alike,  this  regular  radial  arrangement  per- 
sists in  the  permanent  tissue ;  for  instance, 
in  the  wood  of  Conifers  (Fig.  150),  which 
Consists  almost  exclusively  of  tracheids; 
hat  where  some  of  the  elements  (as  gener- 
ally in  the  wood  of  Dicotyledons)  attain  a 
mnch  greater  size  (as  seen  in  transverse 
wtion,  Fig.  139),  the  original  radial  ar- 
iTingement  is  lost. 

In  those  cases  in  which  the  permanent 
tissnes  consist  of  yerj  long  or  very  wide 
fibres  or  vessels,  it  is  evident  that  the 
relative  position  of  the  original  desmogen- 
ttlia  must  have  undergone  considerable 
change  in  the  course  of  development ;  the 
long  iibre  is  in  contact,  longitudinally, 
with  a  greater  number  of  cells  than  was 
the  original  desmogen-cell ;  and  similarly, 
the  wide  trachea  touches,  at  its  circum- 
ftrence,  a  larger  number  of  cells  than  did 
the  desmogen-cell,  originally,  from  which 
the  segment  of  the  vessel  was  developed. 
This  gradual  change  of  relative  position 
constitutes  what  is  termed  sliding-growth ;  it  is  the  expression  of 
the  independent  growth  of  each  desmogen-cell,  in  the  course  of  its 
development  into  the  particular  element  of  the  permanent  tissue 
which  it  is  destined  to  form.     This  process  is  by  no  means  confined 


Fie.  153.— il  Desmogen-cells 
seen  in  tangential  section.  B 
Tracbeid  seen  from  oati^ide. 
C  woody-fibre ;  and  D  vertical 
row  of  wood  •  parenchyma* 
cells  seen  in  section,  from  the 
Oak ;  isolated  by  maceration. 
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to  the  vascular  tissues,  bnt  takes  place  wherever  a  young  develop- 
\ng  cell  grows  more  actively,  in  any  dimension,  than  the  cells  with 
which  it  is  at  first  in  contact;  a  notable  example  is  the  growth  of 
the  laticiferous  coenocytes  of  Euphorbia  (see  p.  141). 

Whilst  undergoing  these  changes  of  form,  the  desmogen-cells 
undergo,  as  already  indicated,  changes  in  the  structure  and 
cliemical  composition  of  their  cell-walls  in  accordance  with  the 
particular  kind  of  tissue  to  which  they  are  to  give  rise;  and,  in 
Home  cases  (ti-acheae,  tracheids,  fibres)  they  lose  their  protoplas- 
mic cell-contents ;  the  walls  become  more  or  less  thickened  (spiral, 
annular,  reticulate,  in  primary  wood)  and  pitted  (with  simple 
pitfi ;  or  circular  bordered  pits ;  or  oval  bordered  pits,  either  small 
and  numerous,  or  large  extendirg  across  a  whole  face  of  the  wall, 
giving  it  a  scalariform  appearance,  see  p.  104) ;  and  then  the 
iibgorption,  more  or  less  complete,  of  the  septa  takes  place,  which 
leads  to  the  formation  of  the  vessels. 

Glandular  tissue  is  frequently  developed  in  the  secondary  wood  and  bast,  in 
th@  form,  sometimes,  of  sacs  containing  crystals,  in  the  parenchyma  (including 
medullary  rays)  of  the  wood  {e.g.  Yitis,  and  some  leguminous  trees)  or  more 
c(»iiimonly  in  that  of  the  bast :  of  resin-ducts  which  occur  in  the  secondary  wood 
of  certain  AbietinesB,  runuing  horizontally  in  the  medullary  rays  and  vertically 
Id  the  wood,  but  rarely  fonud  in  the  secondary  bast,  whereas  in  other  plants 
which  possess  these  structures,  they  are  rare  in  the  wood  but  abundant  in  the 
b^iEt  {e.g.  AnacardiaceflB,  etc) :  of  laticiferous  vessels,  rare  in  the  wood  (except 
the  PapajaceoB,  where  the  wood  consists  largely  of  parenchyma),  abundant  in 
Uie  bast. 

The  foregoing  is  an  account  of  the  development  of  secondary  vascular  and 
coujunctive  tissue,  as  it  takes  place  in  the  great  majority  of  Gymnosperms  and 
Iii<;dtyledons :  but  this  is  by  no  means  the  only  mode  in  which  this  develop- 
iiient  takes  place.  The  following  are  the  more  remarkable  deviations  from  the 
iiicde  already  described : — 

1.  There  is  a  normal  cambium-ring,  but  an  additional  layer  of  meristem  is 
formed  from  pith-cells  on  the  inner  side  of  the  ring  of  vascular  bundles,  prodac- 
ing  secondary  wood  peripherally,  and  secondary  bast  centrally ;  stem  of  Tecoma 
(Jiignonia)  radicarut  and  of  species  of  Acanthus  and  Campanula,  some  Apo- 
cjnacesB  (Apocynum  cannahinuin)^  Periploca  graca^  Acantfwlimon  glumacenm. 

2.  There  are  several  distinct  cambium-rings,  each  producing  a  solid  cylinder 
of  wood  and  bast :  stems  of  climbing  Sapindaceae  {e.g.  Serjania,  Paullinia).  The 
ciiuse  of  this  peculiar  structure  is  that  the  primary  bundles  are  arranged,  not  in 
a  fiimple  ring,  but  irregularly,  at  very  different  distances  from  the  surface ; 
bcuoe,  when  the  interfascicular  cambium  is  developed,  it  does  not  connect  all 
ihG  bundles  together,  but  separate  groups  of  them,  generally  a  larger  central 
group  and  several  smaller  peripheral  groups,  each  with  its  own  distinct  cambium- 
rhig. 

a.  The  normal  cambium-layer  has  only  a  limited  period  of  activity ;  the 
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nbaequflnt  growth  in  thickneBs  m  effected  by  suocessiye  seoondary  eambium- 
ringi  deyeiopiug  rings  of  lecondary  yascalar  bandies ;  these  seoondary  cam- 
Uom-riDgi  may  be  developed :— (a)  in  the  pericyde ;  stem  of  Chenopodiaceie, 
AmanntacfiB,  Phytolacca,  NyctaginaoesB,  and  of  some  Gnetums,  Cycas,  and 
EDcepboLirtos  among  Gymnosperms :  [b)  in  the  primary  cortex ;  stems  of 
Kxne  Menispermaces  {e.g.  CuccuIhm  laurifoliusy  Ciaampetoi  Pareira) :  (c)  in 
tbe  lecondary  bast ;  stem  of  Glycine  (Wistaria) :  (d)  in  the  seoondary  wood  ; 
tvinisg  stems  of  Baabinia,  and  some  Biguouiace»  and  Malpigbiaoeie :  {e)  in 
tbe  secondary  cortex  (phelloderm),  deriyed  from  the  pericyde ;  root  of  Cheno* 
podiacesB,  Amarantaccs,  Nyctaginaceas.  In  soma  cases,  however  {e.g.  roots  of 
msny  Conyohnlaces),  secondary  cambium-layers  are  formed  in  tbe  secoudary 
oort«x  (pbelloderm),  whilst  the  primary  cambium-layer  still  remains  active. 

4.  Tbe  eambiom-layer  is  normal,  but  it  does  not  produce  equal  amounts  of 
vood,  or  of  bast,  or  of  both  wood  and  bast,  at  all  points  of  its  circumference, 
%s  is  nomally  the  case,  with  the  result  that  the  cambium-layer  is  not  a  circle 

in  tnnsTerse  section,  but  is  very  irregular  and  undulated  in  form,  the  wood 
tod  the  bast  dovetailing  into  one  another,  as  it  were,  by  their  respective 
projeeiiDg  thicker  portions,  (a)  The  development  of  bast  is  uniform,  that  of 
tbe  wood  uneven ;  stems  of  various  species  of  Clssas,  Piper,  Bauhinia 
(CaHhtretut  heUrophyllut) ;  root  of  Ofionis  $pinoaa ;  (6)  the  development  of 
oeitber  wood  nor  bast  is  uniform,  but  at  the  points  at  which  the  development  of 
tbe  but  is  less  active,  that  of  the  wood  is  more  active ;  twining  stems  of  many 
fiigDODiaces  (Bignonia,  Callichlamys),  of  Phytocrene  (Olaciness),  and  of  some 
Ualpigbiaoee  (Banisteria,  Tetrapterys),  Apocynaceie  (Condylocarpon,  Echites). 

An  interesting  modification  of  this  peculiar  mode  of  development  occurs  in 
tbe  stem  of  species  of  Stryohnos ;  at  certain  regions  the  cambium-layer  pro- 
doees thick  masses  of  secondary  bast  which  project  into  the  wood;  after  a 
time  tbe  cambium  of  these  regions  ceases  to  act,  whilst  a  new  segment  of 
Moodtrj  cambium  is  formed  in  the  pericyde  across  the  projecting  masses  of 
Uct  at  tbe  level  of  the  rest  of  the  cambium-layer ;  thus  the  cambium-ring  is 
ncoustmcted,  forming  wood  centrally  and  bast  peripherally,  with  the  result 
tbst  tbe  masses  of  bast  mentioned  above  become  covered  peripherally  by 
tisjerof  wood,  constituting  in  fact  isolated  groups  of  bast,  termed  Phloem- 
fidsdi,  surrounded  by  wood. 

5.  There  is  no  primary  cambium-Iajer,  the  bundles  being  all  closed ;  second- 
VTgiowth  in  thickness  is  effected  by  a  ring  of  meristem  quite  external  to 
tbe  primary  bundles ;  this  occurs  in  tbe  stems  and  roots  of  Monocotyledons 
(uboreseent  LiliacesB,  such  as  Tucca  and  Dracaena ;  and  some  shrubby  Iridaceae, 
neb  as  Aristea) ;  the  ring  of  meiistem  is  usuaUy  developed  in  the  pericycle, 
but  in  the  roots  of  Drscaana  it  is  formed  partly  from  the  pericyde  and  partly 
bom  tbe  cortex.  This  meristem-ring  is  not  termed  a  cambium-ring,  because 
it  does  not  form  wood  on  one  side,  and  bast  on  the  other,  but  it  forms,  centri- 
^ly,  entire  closed  concentric  (with  external  wood)  bundles,  together  with 
intervening  fundamental  tissue. 

&  There  is  no  proper  cambium-layer,  but  the  primary  bundles  are  invested 
b?  a  pericyclic  meristem-ring,  which  gives  rise  externally  to  a  considerable 
vnoont  of  parenchymatous  secondary  cortex,  and  internally  to  a  small  amount 
of vaicolar tissue:  stem  of  Isoetes. 
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The  deyelopment  of  secondary  vascular  tissue  takes  place  al- 
most exclusively  in  such  stems  as  are  monostelio  and  in  which  the 
primary  bundles  are  common.  It  is  clear  that  the  additions  to  the 
primary  bundles  in  the  older  internodes  of  the  stem,  as  well  as  aiiy 
secondary  bundles  which  may  have  been  formed  from  the  cambium, 
are  not  common,  but  cauline  ;  they  are,  however,  in  communication 
with  the  primary  common  bundles  of  the  young  unthickened  int^r- 
nodes  which  are  bearing  leaves;  in  fact,  the  newly- formed  secondary 

vascular  tissue  of  the  lower 
internodes  of  the  stem  is 
in  communication,  on  the 
one  hand  with  the  root, 
and,  on  the  other  with  the 
leaves;  and  the  channels 
of  communication  between 
root  and  leaf  are  main- 
tained year  by  year  by 
the  annual  formation  of 
young  conducting-tissue, 
both  wood  and  bast,  in 
the  older  parts  of  the 
stem  and  of  the  root. 

It  will  be  remarked 
that  the  development  of 
secondary  vascular  tissue 
takes  place  in  those  plants 
the  stems  of  which  branch 
more  or  less  (e.g.  an  Oak), 
while  it  usually  does  not 
take  place  in  those  plants 
the  stems  of  which  do  not 
branch  (e.g.  the  Palm),  or 
do  so  only  slightly.  It 
is  obvious  that,  when  the 
stem  is  of  branching  habit, 
the  number  of  leaves  must 
increase  year  by  year,  whereas  when  the  stem  does  not  branch 
the  number  of  leaves  does  not  vary  materially.  Hence  the  whole 
matter  may  be  summed  up  thus,  that  the  development  of 
secondary  vascular  tissue  in  a  stem  is  directly  correlated  with 
an  increase  in  the  area  of  leaf-surface :  as  in  each  year  the  leaf- 


Fio.  151 — Portion  of  » transverse  section  of  the 
stem  of  %  Braeana :  e  epidermis  ;  k  periderm ;  r 
primary  cortex,  with  a  leaf-trace-bnndle  h  ;  x 
merismatio  sone  in  which  new  bundles  g-g  are  in 
course  or  development;  m  primary,  and  <t  second- 
ary, fundamental  tissue.    (MaKnified:  after  8acbs.) 
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sorfaco  of  a  tree  increases  in  consequence  of  repeated  branching, 
80  does  the  annual  ring  of  secondarj  vascnlar  tissae  become  larger 
in  circamference  and  possibly  also  of  greater  thickness ;  when, 
however,  the  tree  begins  to  grow  old,  and  its  branches,  instead  of 
increasing  in  number,  begin  to  die  off,  then  the  annual  growth  in 
thickness  becomes  arrested.  Some  further  explanation  of  this  is 
giFen  in  Part  IV,  (p.  683). 

B,  The  formation  of  Secondary  Extra-stelar  Tissue,  It  is  clear 
that  the  more  or  less  considerable  development  of  secondary  stelar 
tisane  in  the  interior  of  a  young  stem  or  root,  must  have  a  yery 
considerable  effect  on  the  primary  extra-stelar  gt-onnd-tissue  (cor- 
tex), and  on  the  primary  tegnmentary  tissue.  This  effect  will  be 
one  of  pressure  and  tension ;  the  radial  growth  of  the  stelar  tissue 
will  exert  a  radial  pressure  upon  the  external  tissues,  while  the  tan- 
^ntial  growth  of  the  stelar  tissue  will  exert  a  tangential  tension 
on  the  external  tissues  (see  p.  202).  The  radial  pressure  of  so  firm 
astrnctnre  as  is  usually  that  of  the  secondary  vascular  tissue  tends 
tocanse  more  or  less  rapid  obliteration  of  the  softer  cortical  tissue ; 
whilst  the  tangential  tension  stretches  the  cortical  cells  and  tends 
to  canse  them  to  gi-ow  tangentially,  and  to  multiply  by  radial 
dimion.  According  to  the  predominance  of  the  radial  pressure 
or  of  the  tangential  tension,  the  primary  cortex  is  either  rapidly 
destrojed,  or  it  persists  for  a  very  considerable  period. 

It  should,  however,  be  pointed  out  that  the  development  of 
secondary  extra-stelar  tissue  does  sometimes  occur  in  members  in 
which  no  development  of  secondary  stelar  tissue  takes  place,  as  in 
the  roots  of  some  Pteridophy  ta  (Marattiaceae,  some  Ophioglossaceoe), 
and  of  some  Monocotyledons  (aerial  roots  of  Philodendron,  etc. ; 
terrestrial  roots  of  Iris,  etc.). 

It  may  be  stated  generally  that  the  epidermis  and  the  primary 
cortical  tissue  of  herbaceous  dicotyledonous  stems  keep  pace  by 
growth  with  the  formation  of  new  stelar  tissue  in  the  interior. 
This  is  true  also  of  most  woody  shoots  during  the  first  year  of 
their  growtb  and  in  certain  cases  (e.g.  Mistletoe,  Holly,  Acer 
ttnalufiL,  etc.),  of  woody  shoots  during  their  entire  existence ;  in 
wme  cases  {e.g.  Euouymus)  the  epidermis  persists  and  grows  for 
Mveral  years,  but  is  at  length  disorganised.  These  primary  tissues 
persist  also  in  some  roots  (e.g.  Vicia  Faha,  Alchemilla  vulgaris^ 
^^aiUardia  aristata)  in  which  the  development  of  secondary  vas- 
cnlar  tissue  is  not  very  active.  The  extension  of  the  tissues  is 
effected  by  tangential  growth  and  radial  division  of  the  cells. 
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The  secondary  extra-stelar  tissae,  is  formed  by  a  layer  of  meris- 
matic  cells,  which  is  known  as  the  Phellogen. 

In  the  stem  the  place  of  origin  of  the  phellogen  is  by  no  means 
uniform.  It  may  be  stelar  or  extra-stelar :  it  is  sometimes  formed 
by  the  epidermis  becoming  merismatic  (e.g.  Pomeee,  Salix,  Vibur- 
num Lantana,  Jasminnm,  Nerium  Oleander,  Aacaba,  Euonymus, 
Solanom,  etc.)  ;  most  commonly  it  is  the  hypodermal  layer  of 
cells,  the  outermost  layer  of  the  cortex,  which  becomes  merismatic 
and  constitutes  the  phellogen  (e.g.  Platanns,  Acer,  Fagus, 
Qaercns,  Castanea,  Betnla,  Alnus,  Ulmus,  Populus,  Ailanthas, 
Abie9  pectinata,  etc.) ;  in  some  cases  (e.g.  Bobinia  Pseudacaciaj 
Gleditschia  triacanthos,  Cytisus  Laburiium),  it  is  the  second  or  third 
layer  of  the  cortical  parenchyma,  reckoned  inwards  from  the 
epidermis,  which  becomes  the  phellogen :  in  other  cases  the 
phellogen  is  formed  at  a  greater  depth  from  the  surface,  being 
developed  from  a  more  internal  layer  of  cells  of  the  cortex, 
sometimes  even  from  the  endodermis  (e.g.  Goffea  arabica;  sub- 
terranean shoots  of  some  Leguminosee  such  as  Lotus  comictdatuftj 
Tiifolium  alpestre)  ;  or,  finally,  it  is  stelar,  being  formed  from  a 
layer  of  cells  belonging  to  the  pericycle  (e.g.  Myrtaceae,  Onagracea?, 
Hypericaceaa,  Ericaceae,  most  Caryophyllaceoe,  LonicereaB,  Vitis, 
Clematis,  Berberis,  Rosa,  Spiraea,  Kibes,  etc.) 

The  development  of  tissue  from  the  phellogen  follows  the  same 
law  as  in  the  case  of  the  cambium  (see  p.  193).  Generally  speak- 
ing, a  tissue,  the  peinderm,  is  formed  on  the  outer  side  of  the 
phellogen  by  repeated  centripetal  division  ;  whilst  on  the  inside 
of  the  phellogen  a  tissue,  the  pliellodei'm,  is  formed  by  repeated 
centrifugal  division.  The  periderm  constitutes  the  secondary 
tegumentary  tissue  of  the  stem  or  root ;  the  phelloderm  constitutes 
the  secondary  cortex.  The  developmental  relations  between  the 
two  tissues  are  not  constant.  In  some  cases  the  formation  of 
phelloderm  only  begins  after  a  considerable  mass  of  periderm  has 
already  been  produced ;  but  in  others,  the  formation  of  the  two 
tissues  goes  on  almost  simultaneously.  The  relation  between  the 
amount  of  periderm  and  the  amount  of  phelloderm  formed  by  one 
and  the  same  phellogen  is  by  no  means  constant,  and  may  be  gener- 
ally stated  thus  : — the  more  superficial  the  phellogen,  the  greater 
the  relative  amount  of  periderm ;  and  further,  a  larger  propor- 
tion of  phelloderm  is  formed  in  subterranean  than  in  subaerial 
stems.  Hence  whilst  the  development  of  periderm  is  most  marked 
in  subaerial  stems  with  superficial  phellogen,  there  is  little  or  no 
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phellodermin  these  stems;  again,  in  sabaerial  stems  with  a  deeply- 
placed  {e.g.  pericjclio)  phellogen,  periderm  and  phelloderm  are 
dereloped  abont  eqnallj ;  finally,  in  sabterranean  stems  with  a 
pericjcHc  phellogen,  the  well-dereloped  phelloderm  may  exceed 
the  periderm. 

In  the  root,  as  in  the  stem,  the  position  of  the  phellogen,  and  the 
prodocts  of  its  activity,  are  vainons. 

The  phellogen  is  developed  but  rarely  {e.g.  Solidago)  from  the 
epiblema;  more  commonly  fi*om  the  exodermis,  or  from  the  next 
internal  layer  of  the  primary  cortex,  as  in  those  Pteridophyta 
(Marattiacee,  OphioglossaceaB)  and  Monocotyledons  (aerial  roots  of 
PhiJodendron,  Monstera,  Imantophyllum,  etc. ;  terrestrial  roots  of 
Ins,  Agave,  Asphodelus)  in  which  any  formation  of  periderm  takes 
place ;  as  also  in  a  few  woody  Dicotyledons  {e.g.  Ar  tan  the,  Clusia, 
Rayscfaia,  Jasminam)  in  which  the  formation  of  secondary  vas- 
colar  tissue  takes  place  relatively  late ;  and  in  the  Cycads  among 
Gjrranosperms.  In  the  great  majority  of  Dicotyledons  and  Gym- 
Dospenns  the  phellogen  of  the  root  is  stelar  in  origin,  being 
derived  from  the  pericycle. 

As  in  the  stem,  so  in  the  root,  the  phelloderm  is  more  highly 
dereloped  when  the  phellogen  is  deeply  placed  than  when  it  is 
superficial ;  but  even  with  a  uniform  position  of  the  phellogen,  the 
relation  between  the  periderm  and  the  phelloderm  developed, 
Taries  considerably  ;  thus,  among  plants  with  a  pericyclic  phello- 
gen, whilst  the  development  of  periderm  and  phelloderm  is 
sometimes  abont  equal  (e.g.  Willow),  no  phelloderm,  but  only 
periderm  is  developed  in  Nerium,  whilst  in  some  others  (e.g. 
Vida  Faha,  Alchemilla  vulgaris,  Qaillardia  arisiatn),  where 
the  primary  cortex  persists  (see  p.  207),  only  phelloderm  is  de- 
veloped. 

It  frequently  happens  in  both  stems  and  root^  that  the  first- 
formed  primary  phellogen  has  but  a  limited  period  of  merismatic 
activity ;  this  is  always  the  case  when  the  primary  phellogen  is  of 
deep  origin  (pericyclic  in  roots),  whereas  when  it  is  of  superficial 
origin  {e.g.  epidermal  or  hypodermal  phellogen  in  stem  of  Beech, 
Hornbeam,  Silver  Fir,  Cork-Oak,  Cork-Elm),  the  primary  phel- 
logen in  frequently  persistent.  In  the  former  case,  however,  when 
the  primary  phellogen  has  passed  over  into  some  form  of  perma- 
nent  tissue,  a  new  secondary  phellogen,  also  of  limited  duration,  is 
developed  internally  to  the  first,  and  this  process  is  repeated  at 
iBterrals;  hence  the  phellogen-layers  become  successively  moie 

V.8.B.  p 
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and  more  deeply  seated,  penetrating  at  length  into  the  bast-tissne 
of  the  stele. 

The  periderm,  or  secondary  tegumentary  tissue,  the  tissue  formed 
externally  from  the  phellogen,  consists  of  parenchymatous  cells 
more  or  less  cubical  in  form,  though  sometimes  somewhat  elongated 
tangentially  (Fig.  155);  the  cell-walls  may  be  thin  or  considerably 
thickened  ;  generally  speaking,  the  walls  are  completely  suberised 
(see  p.  106),  whence  the  tissue  is  often  termed  Cork;  the  cells 
gi*adually  lose  their  protoplasmic  contents,  and  become  filled  with 
air  ;  moreover,  no  intercellular  spaces  are  formed  in  the  tissue. 

In  view  of  its  structure,  it  is  clear  that  the  periderm  is  a  tissue 

which     offers     an 


<S^<^^C|P^^^ 


Fie.  155.— Periderm  of  one-year*!  shoot  of  AilanthvB 
glandulota  (trans,  sect. ;  x  350) :  •  the  dead  epidermis ;  k  cork; 
the  inner  shaded  layers  are  merismatic,  the  inuormost  being 
the  phellogen,  those  external  to  it  being  young  periderm 
cells ;  r  primary  cortex. 


obstacle  to  the 
passage  of  water; 
hence  all  the  tis- 
sues,  in  a  stem  or 
root,  lying  extern- 
ally to  the  peri- 
derm can  receive 
no  supplies  of 
water,  and  must 
dry  up,  and  are 
eventually  exfoli- 
ated. The  more 
deeply  seated  the 
phellogen,  the 
greater  is  the 
amount  of  primary 
tissue  thrown  off; 
thus,  when  the 
phellogen  arises  in 
the  inner  layers  of 


a  heterogenous  pericycle  (see  p.  167),  as  in  Berberis,  Lohicera, 
etc.,  where  the  outer  portion  of  the  pericycle  is  fibrous,  the  epi- 
dermis, the  primary  cortex,  and  the  out^r  portion  of  the  pericycle 
ai*e  exfoliated. 

The  cells  of  the  periderm  are  not  always  completely  suberised. 
In  some  cases  (roots  and  stems  of  Onagraceee,  Hypericacc89,  some 
Rosace83,  etc.)  some  of  layers  of  the  periderm  consist  of  cells  with  a 
suberised  zone  like  that  of  the  cells  of  the  endodermis  (see  p.  166), 
though  these  cells  usually  become  completely  suberised  eventually. 
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In  other  cases  (e.^.  stem  of  Poterium,  Alchemilla,  Agrimonia, 
Epiiobiam)  the  periderm  consists  mainly  of  cells  with  cellalose- 
walls,  between  which  intercellular  spaces  are  formed,  together 
with  occasional  compact  layers  of  cells  with  a  saherised  zone. 

It  sfaoald  not  be  OTerlooked  that  the  regeneration  o|  the  root-cap  is  a  case 
of  deTclopment  of  secondary  tegumentary  tissue,  though  of  a  different  type, 
ioAsmneh  as  it  is  effected  by  the  primary  meristem  of  the  growing-point  of  the 
root  instead  of  from  a  layer  of  secondary  meristem  as  is  the  case  with  the  peri- 
derm. As  the  root  elongates  and  makes  its  way  through  the  soil,  the  primary 
root-cap  becomes  worn  away  at  the  surface,  but  this  is  compensated  by  the 
development  of  new  tissue  internally  (see  p.  158).  In  some  aquatic  plants  (e.g. 
L^mna,  Hjdrocharis,  Pistia,  etc.),  in  which  the  root  does  not  penetrate  the 
soiL,  tiie  primary  root-cap  persists.  In  the  case  of  roots  having  limited  growth 
in  leagth  (t.g,  Azolla,  Hydrocharis,  tuberous  roots  of  Orchis  and  of  Ranuneuha 
Ficaria),  the  root-cap  is  altogether  thrown  off  when  the  growth  in  length  of  the 
root  comes  to  an  end. 

When  the  primary  periderm  is  of  saperficial  origin,  it  forms  for 
many  successive  years  the  external  investment  of  the  branch ;  it 
may  attain  considerable  thickness,  as  in  the  Cork-Oak,  and  at  the 
same  time  exhibit  an  alternation  of  dense  and  loose  layers  (e.g,  the 
Birch,  in  which  the  layers  may  be  peeled  off  in  thin  white  sheets) ; 
»)metimes  (aa  in  ^cer  campestre  and  the  Cork-Elm)  it  forms  wing- 
like projections  from  the  angles  of  the  branches.  In  a  few  trees, 
M  the  Silver  Fir,  the  primary  periderm  persists  for  some  years, 
or,  as  in  the  Beech,  during  the  whole  life  of  the  tree ;  the  outer 
cork-cells  split  off  as  the  trunk  of  the  tree  increases  in  thickness, 
while  the  phellogen,  growing  and  extending  in  a  tangential 
direction,  gives  ris^  to  new  layers  of  cork.  When,  as  in  most  cases, 
new  layers  of  phellogen  arise  after  a  few  years  in  the  deeper 
tissues,  leading  to  the  development  of  corresponding  layers  of 
peiideim,  an  external  investment  of  a  more  or  less  complicated 
structare  comes  to  be  formed.  In  consequence  of  the  imperme- 
ability to  water  of  these  secondary  layers  of  periderm,  all  the 
tissnes  lying  externally  to  them  become  dried  up.  These  dried- 
Qp  tissues,  which  may  belong  to  different  tissue-systems  and 
mdade  the  most  various  forms  of  cells,  constitute  what  is  known 
as  Bark.  When  the  primary  periderm  is  superficial,  the  new 
swondary  layers  of  periderm  are  only  arcs  of  the  circumference, 
»nd  as  their  margins  are  in  contact  with  the  periderm  which 
Has  been  previously  formed  (Fig.  156),  a  scaly  bark  is  formed, 
that  ia,  isolated   patchas   of   tissue   are  transformed   into   bark. 
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This   bark  is   stretched  and   torn  bj  the  increasing  size   of  the 
trunk,'  and  the  scales  of  it  may  be  shed,  as  is  the  case  in  the 

Plane,    or     they    may 


adhere  one  npon  the 
other,  as  in  the  Pines 
and  Larches,  or  remain 
connected  by  the  bast- 
fibres  in  long  strips,  as 
in  Robinia.  When,  on 
the  other  hand,  the 
primary  periderm  has 
been  formed  in  the 
deeper  layers  of  the 
cortex,  the  secondary 
periderm  often  forms 
complete  concentric 
rings ;  thus  hollow  cy- 
linders of  the  cortex 
are  transformed  into 
bark  (ringed  bark). 
The  longitndinal  rup- 
ture  of    this    kind  of 

birk  is  effected  by  the  bast-fibres  enclosed  in  it  (e.^.  Vine,  Clematis, 

and  Thnja). 

There  are  frequently  in  the  periderm  of  both  stems  and  roots, 

organs  corresponding  to  the  stomata  of  the  epidermis,  serving, 

like  them,  to  admit  air  to 

the  living  int-ernal  tissues ; 

these    are    the    Leniicels. 

They  are  usually  ciixium- 

scribed  circular   areas   of. 

the    periderm  where    the 

cork-cells   formed    in   the 

course  of  the  summer  are 

not   arranged   closely   to- 
gether, but  are  separated 

by     intercellular     spaces. 

In  winter  the  lenticels  are 

closed    by  oi*dinary  peri- 
derm.    They  are  most  easily  detected  in  branches  of  one  year* 

growth,  where  they  are  to  be  seen  in  the  summer  in  the  form  of 


Fig.  ]63.— Foimation  of  Bark  in  a  liarch,  as  seen  in  a 
piece  of  the  outer  portion  of  the  stem  cut  both  ti-ans- 
ven»el7  and  longitadinallj  (nat.  Bixe) :  r  the  secondary 
cortex ;  }t  plates  of  cork ;  b  the  scales  of  bark  cut  off  by 
the  cork. 


Fio.  167.— Lenticel  In  the  tmnsTerse  section  of  a 
twig  of  Elder (x 300):  e  epidermis;  q  phelloppn;  I 
cells,  nnd  pi  the  phellogen  of  the  lenticel ;  Ic  cortical 
pnronchyma  containing  chlorophyll. 
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brownish  or  whitish  specks.  When  the  periderm  of  the  stem  is 
snperficial,  the  lenticels  are  developed  under  the  places  where 
the  stomata  occar  in  the  epidermis,  and  these  spots  are  commonly 
the  starting-points  of  the  formation  of  the  periderm ;  but  this  is 
not  the  case  in  stems  with  a  deep  periderm,  nor  is  it  ever  the 
case  in  roots.  In  many  trees,  as  the  Birch,  the  lenticels  become 
much  extended  in  width  by  the  growth  of  the  branch  in  circum- 
ference. When  the  periderm  is  very  thick,  as  in  the  Cork-Oak, 
the  lenticels  form  deep  canals  filled  with  a  pulverulent  mass  of 
cells.  Sometimes  lenticels  are  not  formed ;  they  are  not  present 
in  the  stems  of  some  plants  which  have  a  pericyclic  phellogen 
{e.g.  Vitis,  Clematis,  Rubns,  Lonicera). 

The  phelloderm  or  secondary  cortical  tissue,  the  tissue  formed 
internally  from  the  phellogen,  consists  of  cells  which  have 
essentially  the  same  structure  as  those  of  the  primary  cortex  :  the 
secondary  cortex  can,  however,  be  distinguished  from  the  primary 
bj  the  regular  radial  rows  in  which,  like  those  of  the  periderm, 
its  cells  are  arranged.  The  cells  have  protoplasmic  cell- con  tents, 
uid,  when  developed  near  the  surface  of  aerial  stems,  they  con- 
tain chloroplastids :  their  walls  are  usually  thin  and  consist  of 
cellttlose,  but,  like  those  of  the  cells  of  the  primary  cortex,  they 
may  become  moi%  or  less  thickened  and  eventually  lignified. 

Jnst  as  the  periderm  replaces  the  disorganised  epidermis  as  a 
tegnmentary  tissue,  so  the  phelloderm  i*eplaces  the  primary 
cortex  as  a  nutritive  (metabolic)  tissue  when  the  primary  cortex 
becomes  obliterated  under  the  conditions  explained  on  p.  207. 

It  may  be  noted  that,  in  the  stemoi  Isoetes,  the  secondary  cortex  is  developed 
on  the  oatside  of  a  layer  of  meristem  wliich,  at  the  same  time,  forms  vascular 
tissue  mtemally  (p.  205) :  the  amount  of  the  former  very  greatly  exceeds  that 
of  tbe  latter. 

§  36.  Formation  of  Tissue  in  consequence  of  Injury. 
When  the  internal  tissues  of  most  parts  of  plants  are  laid  bare  by 
injary,  they  are  gradually  covered  by  a  formation  of  cork  taking 
place  in  the  outermost  layer  of  cells  which  remain  uninjured  and 
capable  of  growth.  This  is  easily  seen  in  injured  fruits,  leaves,  and 
herbaceous  stems,  in  which  the  wounds  that  have  been  covered  by 
a  layer  of  cork  are  distinguished  by  a  grey-brown  colour.  The 
process  is  very  easy  to  observe  in  potato- tubers,  for  each  portion 
of  living  tissue  taken  from  one,  if  only  prevented  from  drying  too 
quickly,  will  soon  be  covered  over  the  whole  surface  by  a  layer  of 
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cork  precisely  similar  in  structure  to  the  ordinary  rind.  In  plants 
in  which  the  wood  is  well  developed,  cork  is  not  immediately 
foi^ned — particularly  when  the  cambium  is  wounded  or  laid  bare — 
but  all  the  living  cells  which  border  on  the  wound  become  meris- 
matic  and  give  rise  to  a  homogeneous  parenchymatons  tissue 
known  as  the  Callus.  If  the  wound  is  small,  the  callas-cells  pro- 
ceeding from  the  different  sides  soon  come  into  contact  and  close 
up  into  a  single  mass  of  tissue,  which  then  gives  rise  to  cork  on 
its  outer  surface,  and,  joining   the  old  cambium  at  the  margins, 

forms  a   new  layer  of  cam- 
r^/te'  I  ^e    %        bium     which    fills     up     the 

cavity.  If  the  wound  is  a 
lai^e  one,  cork  and  new 
cambium  are  formed  in  the 
callus  at  the  margins  of  the 
wound,  and  it  is  not  wholly 
closed  till  after  repeated 
rupture  of  the  approaching 
cushions  of  callus.  The  wood 
exposed  by  the  wound,  which 
usually  assumes  a  dark  colour 
under  the  influence  of  the 
air,  does  not  grow  with  that 
formed  from  the  new  cam- 
bium of  the  callus  ;  hence  in- 
scriptions, for  instance,  which 
are  cut  in  the  cortex  so  as  to 
reach  the  wood,  though  sub- 
sequently covered  by  a  num- 
ber of  annual  layers  of  wood 
corresponding  to  the  number 
of  years,  may  easily  be  found.  A  similar  explanation  accounts  for 
the  fact  that  the  surfaces  of  the  stumps  of  cut-off  branches  become 
overgrown ;  the  callus  first  appears  as  a  ring  from  the  cambium 
exposed  in  the  ti  an  verse  section,  and  afterwards  closes  like  a  cap 
over  the  old  wood.  Foreign  bodies — nails,  stones,  and  stems  of 
other  plants — may  thus  become  enclosed  in  the  wood  of  a  tree  and 
be  overgrown  by  it ;  the  cortex,  being  forced  against  the  foi^eign 
object  by  the  pressure  of  the  growing  wood,  splits,  and  the  callus 
formed  in  the  rent  grows  round  the  object,  enclosing  it  and  pro- 
ducing now  cambium. 


Fie.  158.— Diagrammatic  longritadinal  »ectinn 
of  a  woody  »tem :  A  a  staoit  time  after  the 
amputation  of  a  lateral  branch  «;  B  when  the 
wound  is  completely  closed  ;  r  cortex  ;  c  cam- 
bium ;  H  wood ;  c'  position  of  the  rambium* 
layer  at  the  time  of  amputation ;  V  wood  formed 
since  the  amputation ;  w  the  cushion  of  callus 
formed  over  the  surface  of  the  wound. 
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Stems  of  plants  of  the  same  species  will  gi-ow  together  if  they 
are  in  close  contact ;  the  callns  formed  by  the  cortex  of  both, 
coalesces  and  gives  rise  to  a  common  cambium.  On  this  depend 
the  Tarious  modes  of  artificial  grafting,  in  which  branches  or  bnds 
with  a  portion  of  the  cortex  are  t-aken  from  a  variety  or  an  allied 
species  and  placed  so  that  their  cambiam  is  in  contact  with  that 
of  a  stem  which  serves  as  the  stock,  and  subsequently  they  grow 
together. 

In  conclusion,  the  mechanism  by  which  decidaons  members  (see 
p.  22)  are  detached  has  to  be  considered :  the  fall  of  the  foliage- 
leaf  maj  be  taken  as  the  illastration.  In  some  cases  (e.g.  Palms; 
some  Ferns,  as  in  the  section  Phegopteris,  p.  405 ;  the  Oak)  the 
leares  simply  wither  on  the  stem,  when  they  are  non- articulated, 
and  are  gradually  destroyed  and  removed ;  but  in  most  cases  they 
are  thrown  off  by  a  vital  act  before  they  wither,  when  they  are 
articulated.  The  fall  of  the  articulated  leaf  depends  upon  the 
powth  and  division  of  all  the  living  cells  lying  in  a  transverse 
layer  near  its  insertion :  by  this  means  several  (3-6)  layers  of 
compact  tissue  are  formed.  A  median  layer  of  this  tissue  becomes 
disorganised,  and  then  the  leaf  is  held  in  position  only  by  the 
vascnlar  tissue  which  enters  it  from  the  stem.  This  soon  breaks 
nnder  the  weight  of  the  lamina,  especially  if  it  be  agitated  by  the 
wind,  and  the  leaf  falls.  The  disorganisation  of  the  median  layer 
IS  often  accelerated  by  the  action  of  frost.  The  scar  on  the  stem 
(leaf-scar,  p.  23)  either  simply  dries  up ;  or  a  layer  of  cork  is 
formed  over  it  by  the  merismatic  tissue  which  remains  :  in  anj 
«Me  the  vessels  become  sealed  with  mucilage. 
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Phanerogamia  may  be  contrasted,  as  seed-bearing  plants,  with 
the  three  groups  (Thallophyta,  Bryophyta,  Pteridophyta)  of  plants 
which  do  not  bear  seeds,  and  which  are  collectively  termed  Cryp- 
togamia. 

Furthermore,  the  Thallophyta  are  characterised  by  the  fact  that 
the  female  organ  is  never  an  archegonium,  whereas  in  the  other 
three  groups  it  is  never  anything  else  than  an  archegonium,  though 
it  may  present  variations  of  form  and  structure  (see  p.  84)  :  the 
BryophytA,  Pteridophyta,  and  Phanerogamia  may,  on  this  account, 
be  collectively  designated  Archegoniata. 

The  above-mentioned  Classes  are  of  very  unequal  extent ;  for 
while  certain  of  them,  as  the  Equisetinee,  include  few  forms  and 
those  for  the  most  part  very  closejy  allied,  others,  as  the  Dicotyle- 
dones  and  the  Fungi,  include  an  enormous  number  of  very  different 
forms.  These  discrepancies  arise  from  the  very  nature  of  the 
natural  system,  for  a  great  diversity  does  not  necessarily  display 
itself  within  the  limits  of  a  single  Class ;  and  it  must  not  be  for- 
gotten that  when  the  living  representatives  of  a  Class,  for  instance 
the  Equisetinse  or  the  LycopodinsB,  are  few,  they  are  but  the 
surviving  remnant  of  once  various  and  numerous  forms  which 
have  become  in  great  measure  extinct. 

Those  Classes  which  include  a  sufficiently  large  number  of  forms 
are  subdivided  into  subordinate  divisions,  as  (I)  Sub-classes,  (2) 
Series,  (3)  Cohorts,  (4)  Orders,  and  these  again,  if  necessary,  into 
Sub-orders,  etc. ;  but  these  names  are  applied  in  the  most  arbitrary 
manner  to  the  different  sub-divisions.  The  two  narrowest  system- 
atic conceptions,  viz..  Genus  and  Species,  are  used  to  indicate  an 
individual  plant.  Under  the  term  Species  are  included  all  in- 
dividuals which  possess  in  common  such  a  number  of  constant 
charactei*s  that  they  may  be  considered  to  be  descended  from  a 
common  ancestral  form.  New  peculiarities  may  arise  in  the 
course  of  multiplication :  the  individuals  characterised  by  these 
new  peculiarities  are  regarded  in  classification  as  varieties  of  the 
species.  When  several  species  resemble  each  other  so  distinctly 
that  their  general  characters  indicate  a  relationship,  they  are 
grouped  together  in  a  Genus,  The  limits  of  genera  are  conse- 
quently by  no  means  fixed,  but  vary  according  to  the  views  of 
individual  botanists.  In  the  larger  genera  the  species  are  grouped 
into  Sub-genera. 

The  scientific  name  of  every  plant  consists — on  the  plan  intro- 
duced by  LinnsBus — of  two  words,  the  first  indicating  the  name  of 
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the  gen  a  8,  and  the  second  that  of  the  species.  Thus,  for  instance, 
the  greater  Plantain,  Plantago  major,  and  the  Ribwort,  Plantago 
lanceolatoy  are  two  species  of  the  genus  Plantago.  Since  in  early 
times  the  same  plants  were  often  described  nnder  different  names, 
and  as  different  plants  were  often  designated  by  the  same  name,  it 
is  necessary  in  systematic  works,  in  order  to  avoid  confusion,  to 
append  to  the  name  of  the  plant  the  name  of  the  botanist  who  is 
the  anthority  for  it.  Thus  Plantago  lanceolata  L.,  indicates  that 
Linnseos  gave  the  plant  this  name,  and  at  the  same  time  that  the 
plant  meant  is  -the  one  which  Linneens  described  and  to  which  he 
^ive  the  name.  Again,  the  Spruce  Fir  is  called  Picea  excelsa 
Link,  while  the  same  plant  was  placed  by  Linnaeus  in  the  genus 
Finns  nnder  the  name  Pintut  Abies  L.,  and  by  De  Candolle  in  the 
i^enas  Abies  (13on)  as  Abies  excelsa  DC;  hence  these  names  are 
synonyinons  :  but  Pinus  Abies  Duroi,  or  Abies  exceha  Link,  is  an- 
other plant  altogether,  the  Silver  Frr  (Abies  pectinata  DC). 

The  method  by  which  each  plant  has  its  place  assigned  to  it  in 
the  natural  system  is  exhibited  in  the  two  following  examples — 
I.  Plantago  major ;  II.  Agaricus  muscurius  : 

L  Group:  Phanerogamia. 

I^  vision  :  AngiospermsB. 
Class:  Dicotyledones. 
Sub-class:  GamopetaloD. 
Series  :  Hypogynie. 
Cohort:  Lamiales. 

Order:  PlantaginacesD. 
Genus :  Plantago. 
Species :  major. 

IL  Group:  Thallophyta. 

Class  :  Fungi. 

Sub-class :  Basidiomycetes. 
Series :  Aatobasidiomycetes. 
Order :  Hymen omycetes. 
Family :  Agaric inae. 
Genus  :  Agaricus. 
Sub-genns:  Amanita. 
Species  :  muscarius. 
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GROUP  I. 

THALLOPHYTA.. 

This  gi'oup  inclades  the  more  lowlj-organised  plants. .  As  already 
mentioned,  the  alternation  of  generations  is  here  either  irregular  or 
wanting.  When  the  alternation  of  generations  is  irre«jalar,  the 
iri*egnlarity  is  mainlj  due  to  the  fact  that  the  gametophjte  is 
capable  of  reproducing  itself,  it  may  be  through  several  successive 
generations,  by  means  of  asexual ly-produced  reproductive  cells 
(gonidia ;  see  p.  3) :  this  production  of  gonidia  by  the  gametophjte 
does  not  occur  in  any  other  group  of  plants,  and  in  this  group  it 
frequently  happens  that  a  gametophyte  which  produces  gonidia 
bears  no  sexual  reproductive  organs,  and  is,  thei*efore,  not  an  actual, 
but  a  potential  gametophyte.  When  an  alternation  of  genera- 
tions is  wanting,  its  absence  may  either  be  due  to  the  fact  that, 
as  in  the  lowest  Algaa  and  Fungi,  sexual  reproduction  has  not  yet 
mnde  its  appearance;  or  it  may  be  due  to  the  fact  that^  a«  in 
certain  AlgaB  (e.g.  Spirogyra,  Fucus,  Ohara),  the  product  of  the 
sexual  process  is  a  cell  (zygospore  or  oospore ;  see  p.  80),  which 
gives  rise  directly  to  a  gametophyte,  so  that  no  sporophyte  is 
developed. 

The  morphology  of  these  plants  is  such  that  the  body,  whether 
of  the  sexual  or  the  asexual,  form,  is  generally  a  thallus,  though  in 
certain  cases  there  are  more  or  less  distinct  indications,  especially 
in  the  gametophyte,  of  that  difPerentiation  of  the  body  into' root, 
stem,  and  leaf,  which  is  so  familiar  in  the  sporophyte  of  the 
Pteridophyta  and  Phanerogamia.  In  those  forms  in  which  the 
sexual  organs  are  differentiated,  the  female  organ  may  be  an 
oogonium,  or  a  proearp,  or  an  archicarp,  but  it  is  never  an  arche- 
gonium. 

These  plants  are  further  characterised  by  the  simplicity  of  their 
structure :  the  body  may  be  unicellular,  or  coDuocy  tic  and  unseptate 
or  incompletely  septate  (see  p.  89),  or  it  may  be  multicellular. 
One  conspicuous  structui*al  feature  (shared,  however,  with  the 
Bryophyta),  is  the  absence  of  lignified  cell-walls,  the  cell- walls  con- 
sisting genei'ally  of  some  form  of  cellulose,  and  being  fi'equently 
mucilaginous.  In  the  lower  forms,  vegetative  reproduction  by 
some  mode  of  cell-division  is  not  uncommon. 

The  division  of  the  group  into  the  two  classes  AlgsB  and  Fungi 
appears  to  be   artificial,  inasmuch  as  it  is  based  upon   a  single 
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character,  the  pi-esence  (Algee)  or  abnence  (Fungi)  of  chlorophyll. 
Bat  the  division  is  I'eally  natural,  since  this  one  character  is 
correlated  with  various  others.  It  is,  indeed,  becoming  usual  to 
regard  the  Algss  and  the  Fungi  as  altogether  distinct  groups  :  but 
it  appears  to  be  preferable  to  continue  to  regard  them  as  classes  of 
the  groap  Thallophyta,  inasmuch  as  the  Fungi  have  doubtless 
arisen  from  the  Algie,  and  since  they  possess  many  features  in 
common. 


Class  I.— ALG-^. 

These  are  plants  of  the  simplest  structure,  which  either  live  in 
water  in  the  form  of  gr'oen,  blue-green,  red,  or  brownish  filaments 
or  masses  of  cells,  or  clothe  damp  surfaces  such  as  rocks,  walls,  or 
the  bark  of  trees,  with  a  covering  of  one  or  other  of  these  colours 
In  the  sea  thej  attain  often  a  very  considerable  bulk;  some  of 
them  are  of  a  beautiful  red  or  brown  colour,  and  attract  the 
attention  of  the  observer,  partly  by  their  considerable  size,  and 
partly  by  the  elegance  of  their  form. 

The  most  important  feature  in  which  the  plants  of  this  Class 
differ  from  the  Fungi  is  the  presence  of  chlorophyll  and  the  con- 
sequent mode  of  life.     The  Algfla  are  able  to  form  the  organic  sub- 
stances    necessary   for  their  nutrition,    whereas    the   Fungi   are 
obliged  to  obtain  them  from  other  organisms.     The  presence  of 
chlorophyll  is  obvious  enough  in  the  green  Algie,  but  it  exists  also, 
though  less  evidently,  in  Algsd  which  have  a  bluish-green,  olive- 
irreen,  bix>wn,  or  red  colouring-matter  in  addition  in  their  chroma- 
tophores.    The  nature  of  tliis  additional  colouring. matter  is  usually 
the  same   throughout  whole  families  which  also   resemble   each 
other  in  their  modes  of  reproduction.     Hence  this  characteristic 
affords  a  trustworthy  basis  for  classification,  on  which  the  Algsd 
are  divided  into  the  following  sub-classes  : — 
Sab-class    1 :    CYANOPHYCEiB   (or   PhycochromaceeB),   blue-green 
AlgfiB,    containing    a    blue    colouring  -  matter 
phycocyanin ; 
„  2 :    Chlorophyce^,    gi*een    Algoe,    containing    only 

chlorophyll  and  its  derivatives  ; 
^  3  :    TuMOSRJCKMf  brown  Algee,  containing  a  yellow 

or  brown  colouring-matter  phycophcein ; 
„  4 :    RuoDOPHYCE^,   red  AlgSB,  containing  a   rod   or 

purple  colouring-matter  phycoerythrxn. 
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The  eolouriog-matterB  phyoocyanin,  phycophiein,  and  phycoerytbrin,  c«n  be 
extracted  by  meaoB  of  water ;  they  thus  differ  from  chlorophyll,  which  is  in- 
Bolable  in  water.  The  presence  of  chlorophyll  in  the  Cyanophyceae,  PhaBophyces, 
and  BhodophycesB,  can  be  proved  by  extracting  the  other  ooloaring-matters  with 
water ;  the  plants  then  assume  a  green  colour. 

Structure.  The  body  may  be  nnicellDlar ;  or  ccBnocytic  and 
unseptate  (as  in  the  SiphonaceaB),  or  incompletely  septate  (Clado- 
pboraceee) ;  or  malticellalar.  The  nnicellalar  forms  either  exist 
Kingly,  or  a  nnmber  may  be  held  together  in  a  colofiy  by  a  mncila- 
ginons  common  cell- wall,  either  as  a  filament  (e.g.  some  Desmidiei^) 
or  a  mass  (palmelloid  Protococcaceae,  Syngenetic®,  Chroococcacese). 
In  some  of  the  multicellular  forms  (e.g.  Spirogyra,  Pandorina, 
Ulva)  all  the  cells  of  the  body  are  quite  similar ;  at  first  vegeta- 
tive, they  eventually  become  reproductive,  so  that  there  is  no 
distinction  between  nutritive  and  reproductive  cells :  in  these 
histologically  undifferentiated  forms  the  body  is  a  coenobium  (see 
p.  92).  Even  the  most  highly  organised  forms  attain  but  a  low 
degree  of  histological  differentiation,  amounting  (as  e.g.  in  the 
Fucaceaa)  only  to  a  distinction  between  peripheral  assimilatovy 
tissue  and  central  conducting  tissue  :  in  some  of  the  Laminariacese 
the  conducting-tissue  has  the  form  of  sieve-tilbes. 

Morphologt/.  The  body  may  be  entirely  undifferentiated ;  this 
condition  is  most  common  in  the  unicellnlar  forms,  but  it  also 
occurs  among  the  multicellular  (e.^.  Vol  vox)  ;  or  it  may  present 
a  distinction  of  ba.se  and  apex  (e.g.  Rivularia);  or  it  may  be 
differentiated  into  root  and  thalloid  shoot  (e.g,  Botrydinm,  Fucas); 
or  into  root,  stem,  and  leaf  (e.g.  Caulerpa,  Cladostephus,  Sar- 
gassum,  Chara,  Polysiphonia). 

The  undifferentiated  body  (thallus),  as  also  the  thalloid  .shoot, 
presents  great  variety  of  form  :  it  may  be  spheiical,  or  filamentous, 
or  a  flattened  expansion,  and  its  symmetry  may  be  multilateral, 
isobilateral,  or  do rsi ventral. 

The  growth  in  length  of  the  thallus  or  of  the  shoot  is  effected 
in  a  variety  of  ways.  It  may  be  either  apical  or  intercalary.  In 
cellular  plants  the  apical  growth  is  effected  either  by  a  single 
apical  cell  (e.^.  CharacesD,  Sphacelariese,  Fucaceee,  Dictyota,  Fig. 
140,  most  Rhodophycea3) ;  or  by  a  marginal  series  of  apical  cells 
(e.g.  ColeochaetesB,  some  flattened  Rhodophyceee) ;  whereas  in  those 
coenocytic  plants  (Si phono ideae)  which  grow  apically,  there  is  no 
apical  cell,  but  an  apical  mass  of  embryonic  protoplasm.  In  some 
cases  of  intercalary  growth  there  is  no  growing- point,  all  the  cells 
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of  tbe  body  being  mensmatic  (e.g,  Spirogyra,  Ulothrix,  Ulva)  ; 
in  other  cases  there  is  a  definite  intercalary  growing- point,  as  in 
Laminaria  (Fig.  159)  and  other  Pheeophyceas,  in  some  of  which 
growth  is  trichot halite^  that  is  the  shoot  terminates  in  a  single 
malticellular  hair  (e.g,  Desmarestia,  Fig.  160),  or  in  several  hairs 
(e.g.  CatleriaX  or  in  a  tuft  of  hairs  (e,g.  Carpomitra  CabreroB),  and 
towards  the  base  of  each  such  hair  lie  the  merismatic  cells  which 
constitute  the  inter- 
calary growing- point. 
In  some  few  cases  (e,g, 
Volvocoideae,  Botry- 
diam)  there  is  no 
p\)wth  after  the  em- 
brjo-stage,  as  the 
whole  protoplasm  of 
the  body  passes  over 
into  the  adult  condi- 
tion. 

The  primary  root  is 
never  developed  in  due 
proportion     to    the 
sboot ;    consequently, 
in  order  to  ensure  the 
attachment    of    the 
plant,   adventitious 
roots    are    very    com- 
monly formed  on   the 
Rhoot,    and  w^hen    the 
iihoot    is    dorsi ventral 
Quicellular    root- hairs 
are    commonly    de- 
veloped on  the  surface 
in    contact    with     the 
substratum.     In   some 
««e«  special  organs  of 
attachment      (haptera, 
»«  p.  66)  are  developed  on  the  shoot ;   they  may  be  adhesive  discs 
Dome  ou  the  ends  of  branches  of  the  shoot  {e.g.  Flocamium  coccin- 
«»w),  or  root-like  out-growths  as  in  Laminaria  bulbosa,  where  at 
the  base  of  the  shoot,  a  large  umbrella- shaped  out-growth  is  formed, 
bearing  nomerous  haptera  on  its  upper  and  outer  surface. 


Fio.  169.— Laminaria  diyUaia  (after  Harvey ;  mnch 
redaoed).  The  intercalary  gromng-point  is  situated 
at  tiie  junction  of  the  old  frond  (b)  with  the  new  frond 
(a) ;  a  is  gradually  splitting  into  segments. 
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The  leaves  vary  in  form.     In  some  cases  {e.g,  Canlerpa,  Fig. 
162;   Sargassum)  they  resemble  the  foliage-leaves  of  the  higher 


^I  D.  C. 

Fto.  160.— Groirfnjr.points  of  Algse.  A  Rpical  growing.point,  with  npiciil  cell,  of 
Sti/pocaulOA  fcopariitm  (x80).  B  intercalary  tricbothallio  fn^iring-point  (where  ihe 
transverse  lines  are  dose  together)  of  llesmirfitia  lijn«<a(a  in  longitadinal  section  (x  00). 
C  npical  growiug-point,  with  apical  cell,  of  Cfc<rtoptm'ia  pluniOM(x  40}  (after  Falkenherg). 

plants;  in  others,   (eg,  Cladostephns,  Chara)  they  resemble  the 
stem   and   its   branches,  bat  are   distinguished  by  their  limited 

growth  ;  in  others  again  {e.q. 
Polysiphonia  and  other  Rho- 
dophycesB,  Fig.  161),  thej 
ai*e  filameutons  and  hair-like. 
The  morphology  of  the 
reproductive  organs  is  dis- 
cussed in  connexion  with  the 
processes  of  reproduction. 

The  Reproduction  of  the 
Algad  is  efPected  in  various 
ways.  Vegetative  multipli- 
cation takes  place  in  the 
unicellular  forms  {e.g.  Cyano- 
phyce»,  Protococcoideae,  Des- 
midiesB,  etc.)  by  cell-division, 
in  some  of  the  higher  forms 
(e.g.  Sphacelaria,  Chara, 
Melobesia)  by  means  of  mtil- 
„     ,-,     ^  ,    .  ,     .  ,TT        •  u    •  x/  1^        ticellular  eemmeB  (see  p.  68). 

Fio.  161.— roly8iplionm(Herpo8iphonin)  (after  o  v  r        ' 

Napgeli).     The   dor*iventral   horizontal    stem  Non-motile  CclIs,  with  a  cell- 

bearsthe  leaves  (/)onthe  dorsal  surface;  the  ^^n       ^i^^^^      ^^      probablf 
root-hairs  (r)  on  the  ventral  surface;  and  the  ^ 

branches  (a  b  e)  on  the  flanks.  gemmcB,   are  thrown  ofiF  by 


GEOUP  I. — ^TBALLOPHYTA  :   ALG^. 


225 


Monospora  (BhodophjcesB),  and  by  Vaucheria  geminata,  and  some- 
times bj  other  species  of  Vaacheria  (Chloropbyceae).  Reproduc- 
tion bj  means  of  aseznally-prodnced  spores  or  gonidia  occnrs  with 
but  few  exceptions  {e.g,  Conjngatae,  Fncaceae,  Characeae).  Sexual 
reprodnction  is  general  throughout  the  class,  though  it  has  not  yet 
been  observed  in  all  forms ;  it  appears  to  be  definitively  absent 
in  the  CyanophycesB,  and  in  some  of  the  lower  ChlorophyceeB  (e.g, 
some  unicellular  Protococcoidea))  and  Phaeophyceee  (Syngeneticae). 


Fig.  163. — A  portion  of  the  bodj  of  CauZ«rpa  plumaru  sbowinff  dornventral  arrangement 
nf  membera.  Tbe  horixoatal  stem  beara  leaves  on  its  upper  (dorsal)  surface,  and  roots  on 
Its  lower  (ventral)  surface. 


There  are  various  modes  of  sexual  reprod action  in  the  g^up. 
The  following  is  an  enumeration  of  them  (see  also  p.  80)  : — 

I.  Isogamy :  the  sexual  cells  are  similar  gametes ;  process, 
conjugation ;  product,  a  zygospore. 

(a)  Gametes  ciliated  (planogametes) ;  set  free;  e.g,  Ulothrix, 
Pandorina,  Ectocarpns,  Cutleria. 

(b)  Gametes  not  ciliated  (aplanogametes)  ;  not  set  free  in  the 
ConjngatCB ;  set  free  in  the  DiatomacesD. 

II.  Heterogamy: 

(a)  Oogamy :  the  female  organ  is  an  oogonium ;  the  sexual 
cells  are  spermatozoids  and  oospheres,  the  former  ciliated  and 
free-swimming,  the  latter  not  ciliated  but  sometimes  free-floating; 
process,  fertilisation ;  product,  an  oospore ;  (e.g.  Volvox,  Vaucheria, 
CEdogoninm,  Goleocheete,  Characeae,  Fncaceee). 

(6)  Carpogamy;  the  female  organ  is  a  procarp  in  which  no 
female  cell  is  differentiated ;  male  cell  free,  not  ciliated,  a  sperma- 

V.S.B.  Q 
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tiiim ;  prcM^ess,  fertilisation ;  product,  a  frnctitication  termed  a 
cjstocarp  (Rhodophycefls). 

The  evolution  of  sexuality  can  be  well  traced  in  the  Algas.  "thus 
in  Ulothrix  (ConfervoideaB)  two  kinds  of  zoogonidia  are  prodnced, 
microzoogonidia  which  are  small,  macrozoogonidia  which  are  larger; 
the  latter  always  germinate  independently,  bnt  the  microzoogonidia 
conjugate  in  pairs  to  form  a  zygospore,  thongh,  if  they  fail  to 
conjugate,  they  are  capable  of  independent  germination ;  they 
are,  in  fact,  imperfectly  sexual  gametes.  In  Ectocarpus  (Phaeo- 
sporeae)  also  the  sexuality  of  the  gametes  is  imperfect.  In  most 
cases  the  microzoogonidia  are  incapable  of  independent  germina- 
tion, and  are  therefore  completely  sexual  cells  (planogametes). 

The  evolution  of  sex  can  also  be  well  traced  in  the  Algsd  by  a 
comparison  of  the  sexual  cells  of  the  higher  and  lower  forms.  In 
Ulothrix,  for  instance,  the  gametes  are  similar  both  in  their  form 
and  in  the  part  which  they  take  in  the  sexual  process.  In 
Ectocarpus  the  gametes  are  externally  similar,  but  they  do  not 
behave  alike  in  the  process  of  conjugation,  for  some  come  to  rest, 
whilst  others  remain  motile,  as  a  preliminary  to  that  process 
which  consists  in  the  fusion  of  a  motile  with  a  resting  gamete ; 
hence  the  former  is  considered  to  be  male,  the  latter  to  be  female. 
In  Gutleria  the  gametes  differ  in  size,  and,  thongh  they  are  all  mo- 
tile at  first,  the  larger  gametes  soon  come  to  rest  when  conjugation 
follows ;  in  this  case  difference  of  sex  is  indicated  from  the  first  by 
the  larger  size  of  the  female  gametes.  In  Fucus  the  differentiation 
is  carried  still  further,  in  that  the  female  gamete  (now  called  an 
oosphere)  is  not  ciliated  nor  motile,  and  is  much  larger  than  the 
motile  male  gamete  (now  called  a  spermatozoid) ;  but  both  cells 
are  extruded,  from  the  organs  in  which  they  are  formed,  into  the 
water.  In  the  typical  oogamous  forms  {e.g.  Vaucheria,  Coleo- 
chsBte,  Yolvox,  Ghara)  there  is  the  further  and  final  sti^e  of 
sexual  differentiation,  that  the  oosphere  is  not  extruded,  but  re- 
mains in  the  female  organ  (oogonium),  whereas  the  sperm atozoids 
are  set  free,  and,  still  retaining  the  character  of  planogametes, 
swim  by  means  of  cilia,  ultimately  entering  the  oogonium  and 
fertilising  the  oosphere. 

Sexual  difference  may,  however,  exist  without  being  accom- 
panied by  any  external  differentiation.  For  instance,  the  sexual 
cells  of  Acetabularia,  Ulothrix,  and  Dasycladus,  are  in  each  case 
externally  similar  planogametes;  but  conjugation  only  takes 
place  in  Acetabularia  and  Ulothrix,  between   planogametes  de- 
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rived  from  distinct  gametangia ;  and  in  Dasjcladas,  only  between 
planogametes  derived  from  gametangia  borne  bj  distinct  indi- 
Tidoals.  Hence  it  appears  that  the  planogametes  formed  in  any 
one  gametangiam  of  Acetabalaria  or  of  Uiothrix  are  all  of  the 
same  sex ;  and,  similarly,  that  the  planogametes  prodaced  by  any 
ODB  indindnal  of  Dasycladas  are  all  of  the  same  sex ;  but,  in  the 
absence  of  any  external  differentiation,  it  is  impossible  to  dis- 
tingnish  between  the  male  and  the  female  planogametes. 

The  iexual  cells  Are  aplafwgametes,  planogametes^  oospherefy  and 
fpermatozoids  (see  p.  80);  though  they  differ  widely  in  various 
respects,  they  agree  in  being  nucleated  masses  of  protoplasm 
desfcitnte  of  a  proper  cell- wall. 

The  aplanogametes  are  characterised  by  the  absence  of  cilia 
and  of  any  defined  form;  they  are  confined  to  the  Conjngat» 
and  DiatomaceflB. 

The  planogametes  are  somewhat  pear-shaped,  the  anterior  more 
pointed  end  being  destitute  of  the  chromatophores  which  are  pre- 
sent in  the  more  rounded  portion.  They  have  two  cilia  which 
are  inserted,  in  the  isogamous  ChlorophyceeB,  at  the  pointed  end 
of  the  cell ;  in  the  isogamous  Phseophyceae,  laterally  at  the  junction 
of  the  anterior  colourless  portion  with  the  posterior  coloured  por- 
tion  of  the  cell.  In  conjugation,  the  planogametes  first  come  into 
contact  by  their  colourless  anterior  ends.  Like  the  zoospores,  the 
planogametes  hav«  commonly  a  red  pigment-spot  (see  p.  102). 

The  oospberes  are  spherical  cells,  usually  containing  chroma- 
tophores either  throughout  their  whole  substance,  or  leaving  a 
coloarless  area  on  one  side,  the  receptive  spot,  at  which  the  sper- 
matozoid  enters  in  the  process  of  fertilisation  {e.g.  (Edogonium, 
Vancheria,  Sphaaroplea;  see  p.  116). 

The  spermatozoids  may  be  somewhat  pear-shaped,  resembling 
the  zoogonidia  of  the  plant,  but  smaller  (e.g,  Coleochaete,  CEdogo. 
ninm) ;  or  they  may  be  more   elongated  and  club-shaped  (e.g, 
Spheroplea,  Yolvox) ;  or  still  more  elongated  and  spirally  twisted 
(Characese).     They  usually  bear  two  cilia  at  the  pointed  end  ;  but 
in  Vancheria,  Vol  vox,  and  the  Fucaceae,  they  are  inserted  laterally; 
in  CEdogoninm  there  is  a  circlet  of  cilia  round  the  pointed  colour- 
less end.    They  are  faintly  coloured,  in  the  Chlorophyceae  usually 
yellow ;  they  sometimes  have  a  red  pigment-spot  near  the  insertion 
of  the  cilia  {e.g.  Vol  vox,  Fucaceie). 
The  male  cells  of  the  Florideoe  and  of  the  Dictyotaceed  are 

pecnliar  on  account  of  the  absence  of  cilia,  and  are  distinguished 
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by  the  special  name  gpemtatta.  The  Bpermatia  of  the  FloridesB 
sarronnd  themselves  with  a  proper  wall  at  the  time  of  fertilisa- 
tion. 

The  sexual  organs.  In  those  Alg»  in  which  the  sexual  cells  are 
similar,  and  the  sexnal  process  is  isogamons,  the  sexual  organs  are 
gametangia.  In  many  cases  they  are  unicellular  and  undifferen- 
tiated: thus,  when  the  gametophjrte  is  unicellular  (e.g.  Desmidiesp, 
Diatomacee)  the  cell  itself  constitutes  the  gametangiam ;  and  in 
some  multicellular  or  coenocytio  forms  (e.g.  Zygnemee,  Hydrodic- 
tyon,  Confervoideie)  the  gametangia  are  simply  ordinary  vegetative 
cells  or  coenocytes.  In  some  isogamous  AlgSB,  however,  the  game- 
tangia are  differentiated  as  lateral  appendages,  and  are  multi- 
cellular, as  in  the  PhsBospores;  in  Cutleria  it  is  even  possible  to 
distinguish  the  male  from  the  female  gamctangium. 

,  When  the  gametangium  is  unicellular  or  ccenocytic,  it  usually 
gives  rise  to  a  number  of  gametes;  but  in  the  Conjugated  a  single 
gamete  is  formed.  When  the  gametangium  is  multicellular,  each 
cell  usually  gives  rise  to  a  single  gamete ;  but  in  the  male  game- 
tangium of  Cutleria  2-8  gametes  are  developed  in  each  cell. 

The  female  organ,  the  oogonium^  is  in  all  cases  unicellular  or  a 
coenocyte ;  in  Sphasroplea  it  is  undifferentiated,  retaining  the  form 
of  a  vegetative  segment  of  the  incompletely  septate  plant;  in 
most  cases  it  is  more  or  less  spherical  in  form,  and  in  some  species 
of  Coleochaete  ifc  is  prolonged  at  the  apex  into  a  delicate  tube,  the 
irichogyne.  It  opens,  in  most  cases,  by  the  absorption  of  the  wall, 
at  a  point  opposite  the  receptive  spot  of  the  oosphere  when  that 
is  present ;  but  in  others  {^e.g,  Volvox,  Chara)  it  remains  closed. 
In  the  former  case  the  spermatozoid  enters  by  the  aperture ;  in 
the  latter,  it  bores  its  way  through  the  wall  of  the  oogonium  which 
becomes  mucilaginous  at  its  exposed  surface.  The  oogonium  of 
the  Fucacee,  DictyotaceaB,  and  Tilopteridacese,  ruptures  and  sets 
free  the  contained  female  cell  or  cells.  Usnally  a  single  female 
cell  (oosphere)  is  formed  in  an  oogonium,  by  the  rejuvenescence 
of  its  protoplasmic  contents ;  but  in  various  FncaceoB,  the  proto- 
i  plasm  divides  to  form  two,  four,  or  eight  oospheres,  and  in  the 

coenocytic  oogonium  of  Sphaeroplea  there  are  several  oospheres. 

The  female  organ  of  the  Khodophyceoe,  the  procarp,  is  some- 
times unicellular  (e.g.  Nemalieae),  but  more  commonly  multi- 
cellular. It  is  in  nearly  all  cases  prolonged  into  a  trtchogyne,  the 
basal  portion  being  tenned  the  carpogonium.  The  trichogyne  re- 
mains  closed.     The  protoplasm  of  the  procarp  does  not  undergo 
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differentiation  into  a  female  cell  comparable  with  the  oosphere 
of  tbeoogoniam. 

The  male  organ,  the  antherUlium,  is  with  few  exceptions  (e.g. 
Spheroplea)  more  or  less  differentiated  in  form,  attaining  its 
highest  development  in  the  CharacesB.  It  is  nsnall  j  nnicellnlar ; 
bat  in  (Edogoninm  it  consists  of  two  cells,  and  of  many  in  the 
Characee  where  its  structure  is  highly  complex.  When  the 
antheridinm  is  nnicellnlar,  it  usually  gives  rise  to  a  number  of 
male  cells,  but  in  Coleoch»te  and  most  Rhodophyceas  only  to  one. 
When  it  is  multicellular,  each  fertile  cell  gives  rise  to  a  single 
spermatozoid. 

Seznal  oi^ns  are  not  known  in  the  following  forms :  Cyano- 
phyceae,  some  ProtococcoideeB,  some  SiphonacesB,  Syngeneticee,  some 
Pheosporete  (e.g.  Desmarestia;  LaminariaceeB,  except  Chorda). 

The  atexual  reproductive  cells  of  the  Algae  are  formed  either 
sexually  or  asexually :  the  former  are  either  zygospores,  or  oospores ; 
the  latter  are  spores,  those  produced  by  the  gametophyte  (when 
this  is  the  case)  being  distinguished  as  gonidia. 

The  zygospores  and  oospores  occur  exclusively  in  the  Chloro- 
phjcee  and  Phaeophyceae :  they  are  spherical  nucleated  cells  with 
a  cell. wall.  The  differentiation  of  the  cell-wall  varies  with  the 
nature  of  the  spores  and  of  the  conditions  to  which  they  are 
likely  to  be  exposed.  In  the  Phaeophyceae  the  zygospore  or  the 
oospore  germinates  at  once  on  its  formation,  and  its  wall  remains 
thin,  and  consists  only  of  a  single  layer.  In  the  ChlorophycesB,  the 
sexually  produced  spore  (except  in  Botrydium  under  favourable 
conditions)  undergoes  a  period  of  quiescence  before  it  germinates, 
and,  except  in  marine  forms  (e.g.  Acetabularia,  Dasycladus),  it  is 
exposed  during  this  period  to  the  danger  of  desiccation.  As  a 
protection,  its  wall  consists  of  two  layers  (see  p.  69),  a  delicate 
endospore,  and  a  hard  cnticularised  exospore,  which  often  grows 
ont  into  prominences,  giving  to  the  spore  a  stellate  appearance. 

The  spores  produced  asexually  by  the  sporophyte  may  be  rest- 
ing-sporcs  with  a  thick  wall,  which  may  consist  of  two  layers 
as  described  above  (e.g.  many  CyanophyceaB),  or  cells  destitute  of 
a  cell-wall,  either  ciliated  (e.g.  zoospores  of  CEdogonium,  Coleo- 
chiete,  Sphseroplsea,  Pandorina),  or  not  ciliated  (eg.  carpospores 
of  the  Rhodophyceaa). 

The  gonidia  produced  by  the  gametophyte  are  never  "  resting- 
>pores,"  but  are  destitute  of  a  cell- wall,  and  are  either  ciliated 
(e^.  zoogonidia  of  Vaucheria,  QEdogoniam,  Coleocbsete,  Ulothrix 
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Ectocarpus),  or  not  ciliated  {e.g,  tetragonidia  of  the  Bhoclo- 
phycese). 

2'he  asexuaX  repoductive  organs  are  termed  gonidangia  when  borne 
by  the  gametophyte,  and  sporangia  when  borne  by  the  sporophjte. 
In  the  simple  anicellular  forms,  the  whole  body  may  become  a 
sporang^am  (e,g.  Haematococcas)  :  in  some  coenobitio  multicellnlar 
plants,  there  are  no  definite  asexnal  reproductive  organs,  bat  any 
of  the  cells  of  the  body  may  act  as  such  (e.g,  Ulothrix,  Pandorina, 
Coleochoete,  Ulva)  without  any  special  morphological  differentia- 
tion; this  is  true  likewise  of  the  coenocytic  Algsd  (Siphonoideie, 
such  as  Botrydium,  Vaucheria,  Sphaeroplea,  Cladophora)  where  the 
whole  or  part  of  the  body  may  act  as  a  gonidangium.  Specially 
differentiated  gonidangia  occur  only  in  some  PhaeosporesB,  and 
in  the  Rhodophyceffl  where  they  usually  produce  each  four  gonidia 
(tetragonidia)  and  are  hence  termed  ietragonidangia :  specially 
differentiated  sporangia  are  developed  in  the  sporophyte  (cysto- 
carp)  of  the  Rhodophycese  where  they  are  termed  carposporaygia, 
and  probably  also  in  some  PhceosporeaB :  these  organs  are  in  all 
cases  unicellular. 

In  the  Cyanophycea3  the  formation  of  spores  is  effected  without 
any  sporangium,  for  in  these  plants  a  cell  of  the  body  is  converted 
into  a  spore  by  simple  encystment. 

As  a  rule  a  sporangium  (or  a  gonidangium)  gives  rise  to  a  num- 
ber of  spores  (or  gonidia)  ;  but  only  one  gonidium  is  formed  in 
the  gonidangium  of  Vaucheria  (see  p.  115)  and  of  (Edogoniam, 
and  one  spore  in  the  carposporangium  of  the  Rhodophyceffi. 

The  Life- History  of  the  AlgoB,  No  alternation  of  generations  can, 
of  course,  be  traced  in  those  Algae,  already  enumerated,  in  which 
either  asexual  or  sexual  reproduction  is  unknown.  In  those  in 
which  both  these  modes  of  reproduction  occur  on  distinct  forms, 
there  is  usually  an  indication  of  alternation  of  generations,  thongh 
it  has  not  been  traced  in  all  cases.  Thus,  in  most  Chlorophycea;, 
there  is  an  alternation  of  this  sort  (e.g,  Ulothrix,  Pandorina, 
Q3dogonium,  SphoBroplea),  that  the  zygospore  or  oospore  represents 
the  sporophyte,  constituting  in  fact  a  unicellular  sporanginni 
which  produces  two  or  four  zoospores  which,  on  germination,  give 
rise  to  garaetophytes.  In  ColeochsBte  tho  oospore  undergoes  cell- 
division,  forming  a  small  multicellular  sporophyte  each  cell  of 
which  eventually  gives  rise  to  a  zoospore. 

In  the  PhflBophyceBB,  an  alternation  of  generations  appears  to 
occur  in  the  Catleriaceoe,  and  possibly  in  some  other  forms.     The 
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zjgoepore,  on  germination,  gives  rise  to  a  plant,  more  or  less 
resembling  the  gametopbjte,  which  bears  only  asexual  reproduc- 
tive organs  (zoosporangia)  and  is  therefore  the  sporophyte. 

In  the  RhodophycesB,  there  is  an  alternation  of  generations,  the 
plant  being  the  gametophyte  (either  actual  or  potential),  the 
fructification  (cystocarp)  developed  from  the  fertilised  female 
organ  (procarp)  being  the  sporophyte.  The  spores  of  the  sporo- 
pbyte  (carpospores)  give  rise  on  germination  to  gametophy tes. 

In  discussing  the  alternation  of  generations  of  the  Algae,  it 
mast  be  borne  in  mind  that  the  gametophyte  can,  in  many  cases, 
reproduce  itself  by  means  of  gonidia,  and  that  it  may  not  always 
bear  sexual  organs :  that  it  may  be,  in  fact,  a  potential  gameto- 
phyte. Instances  of  this  occur  in  Coleochaete,  the  Rhodophyceae, 
and  others. 

Other  forms  of  polymorphism  are  of  frequent  occuiTcnce,  as  in 
the  GyanophycesB,  Confervoidece,  Batrachospermum,  Lemanea, 
CbaraoesB  (see  p.  14).  Details  of  these  are  given  in  the  special 
descriptions  of  the  yarious  families,  in  which  also  a  more  detailed 
account  of  the  alternation  of  generations  will  be  found. 

Sub-Clasa  I.  CYANOPnYCKJB  (also  called  Phycochromaceee),  or 
blae-green  Algae.  The  body  consists  of  a  single,  more  or  less  nearly 
spherical  cell,  as  in  most  of  the  Chroococcacece  (e.g.  Gloeocapsa, 
Fig.  163)  ;  or  it  is  a  multicellular  layer  one  cell  thick  (e.gr.  Meris- 
mopedia) ;  or  it  is  filamentous,  consisting  of  a  row  of  cells  (e.g. 
Oscillaria,  Nostoc,  Rivularia,  Scytonema).  When  the  body  is 
fikmentous,  it  sometimes  presents  a  distinction  of  base  and  apex 
(e.y.  Bivularia)  ;  and  it  is  frequently  branched,  the  branching  being 
either  spurious  (e.g.  Rivularia,  Scytonemese)  or  true  (i.e.  formation 
of  lateral  growing- points,  e.g.  Sirosiphoneee).  In  most  cases  gro^yth 
and  cell-division  go  on  in  all  the  cells  of  the  body,  but  in  the 
Scytonemacese  only  at  the  apex.  The  plant  is  usually  free,  but  it 
grows  attached  in  some  species  of  Rivulariaceae  and  Scytonemaceee. 
A  characteristic  feature  of  the  sub- class  is  the  more  or  less  bulky 
macilaginous  cell-wall  which  invests  the  cells  and  filaments.  The 
filaments  of  the  Oscillariacese  exhibit  a  gliding,  oscillating  move- 
ment, bat  the  mechanism  of  it  is  not  fully  understood. 

Beprod action  is  mainly  effected  in  a  purely  vegetative  manner. 
In  the  unicellular  forms  (Fig.  163)  each  cell-division  necessarily 
leads  to  the  formation  of  new  individuals.  In  the  flattened  forms 
(e.^.  Merismopedia),  when  the  body  reaches  a  certain  limit  of  size, 
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it  simply  breaks  up  into  a  number  of  portions  each  of  wbicb 
becomes  a  new  individual.     In  the  filamentous  forms,  vegetative 


Fi».  163.— Glo»ocapi>a  (x  900)  In 
TsriouB  stages.  A  becomes  BCDB 
by  repeatea  division.    (From  Sachs.) 


Fie.  lU.—A  filament  of  Noetoo ;  the  larjre 
unshaded  oetlia  a  heterocy»t;  B  portion  of 
a  filament  of  Osoillaria  (x  SOOj. 


propagation  is  effected  by  the  breaking  up  of  the  filament  into 
lengths,  each  such  portion  being  termed  a  hormogonium  ;  in  most 
of  them  (except  OscillariacesB)  the  limits  of  the  hormogonia  are 
indicated  by  large  inert  cells,  heteroqfsts  (Fig.  164  A)^  which  differ 
both  in  size  and  colour  from  the  living  cells  of  the  filament.  The 
hormogonia  are  motile,  though  the  mechanism  of  their  movements 
is  not  understood ;  they  eventually  separate,  and,  escaping  from 


Fie.  166.— (After  Thnret:  x  330).  A  and  B  development  of  a  flinraent  from  a  hormo- 
gonium of  Nontoc  v«mcari«m.  A  cells  of  hormogoniam  dividintr  at  right  angles  to  its  long 
axis ;  B  rows  of  cells  formed  as  in  ^  uniting  at  alternate  end^.  so  as  to  oonstitate  a  Nostoc* 
filament ;  •  heterocjsts ;  C  germinating  spores  of  Anahana  (ich«m/ormM. 


the  common  mucilaginous  cell-wall  of  the  filament,  they  develope 
by  growth  and  cell- division  into  new  filaments  (Fig.  165  A  B), 
In  many  cases  special  reproductive  cells,  spores,  are  produced. 
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Each  «pope  is  formed  from  a  Ringle  cell  of  the  body,  which  snr- 
roonds  itself  with  a  thick  firm  exospore ;  the  spore  germinates 
onder  fayonrable  conditions^  the  exospore  being  raptured  (Fig. 
165  0). 

It  u  possible  that  zoospores  are  produced  in  some  forms,  but 
the  eridence  is  at  present  inconclusive.  No  form  of  sexual  repro- 
dnction  has  been  observed  in  any  member  of  this  sub-class. 

The  cells  of  the  Cjanoph jcee  are  nucleated,  but  the  chloropbyll 
and  the  phycocyanin  appear  to  be  diffused  throughout  the  cyto-  ^ 

plasm,  and  not  to  be  aggregated  in  special  plastids.  K^y' 

The  Cyaoophjcee  are  classified  as  follows : — 

Order  1.   Chroococcaceae.    Unicellular :  spores  formed. 

Order  2.  Nostocaceae.  Filamentons ;  filaments  with  heterocjsts,  without 
distinction  of  base  and  apex,  wavy,  unbranched  ;  growth  intercalary ;  re- 
prodoeticn  by  hormogonia  and  spores  (  Fig.  165). 

Older 3.  Oscillariaceae.  Filamentons:  filaments  isolated,  motile,  without 
heteroeysts,  without  distinction  of  base  and  apex,  straight,  rigid,  un- 
branched ;  growth  intercalary ;  reproduction  by  hormogonia ;  no  spores. 

Order  4.  Rivulariaceae.  Filamentons:  filaments  with  heterocysts,  and  dis- 
tinction o(  base  and  apex,  spurionsly  branched;  growth  intercalary; 
Tepiodnction  by  hormogonia  and  spores. 

Orders.  Scytonemaceas.  Filamentons:  filaments  with  heteroeysts,  with 
distinction  of  base  and  apex  in  some  forms  (SirosiphonesB)  but  not  in  others 
(ScTtonemesB),  branched  spnrioosly  (Soytonemea)  or  truly  (Sirosiphoness), 
growth  apical  (both  ends  in  Scytonemese) ;  reproduction  by  hormogonia 
and  spores. 
It  is  donbtfal  to  what  extent  these  orders  renlly  represent  distinct  forms,  for 

tbers  is  etidenoe  that  some  Cyanophyoea  assnms  the  different  forms  character- 

istie  of  these  orders  at  varioas  stages  in  their  development,  and  under  various 

external  conditions,  that  is,  that  some  at  least  of  the  G^anophycesB  are  poly- 

Oiorpliic,  and  this  renders  their  classification  uncertain. 

Tiie  CyanophycecB  resemble  the  Schizomycetes,  among  the  Fungi, 
ia  many  respects;  as,  for  instance,  in  their  genei*al  form  and  sfcruc- 
tore,  in  their  vegetative  multiplication,  in  their  spore-formation, 
in  the  absence  of  sexual  reproduction,  in  the  formation  of  a  bulky 
mncilaginous  cell-wall,  and  in  their  polymorphism.  On  these 
grounds  tbey  are  frequently  placed,  along  with  the  Schizomycetes, 
in  a  digtinet  class  Schizophyta.  But  this  arrangement  does  not 
"cem  to  secure  any  special  advantage.  It  is  more  natural  to  regard 
the  Cyanophycee  and  the  Schizomycetes  as  parallel  groups,  the 
one  belonging  to  the  AlgsB,  the  other  to  the  Fungi. 

Some  of  the  Cyanophyceee  are  eridophytic,  that  is,  they  inhabit  the 
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tissnes  of  higher  plants ;  thas,  Nostoc  is  constantly  fonnd  in  the 
tissue  of  cei-tain  Hepaticse  (Blasia  and  Anthoceros),  in  the  poroos 
cells  of  the  leaves  of  Sphagnnm  (Moss),  and  in  the  tissue  of  the 
stem  of  Gunnera  (Dicotyledon). 

The  Cyanophyceffi  are  both  marine  and  fresh- water :  many  grow 
on  damp  walls,  rocks,  etc. 

Sub-Class  II.  Chlorophycea,  or  Green  AlgsB.  In  the  simpler 
forms  the  plant  (that  is,  the  gametophyte  in  all  species  which  are 
sexual)  consists  of  a  single  cell  {e,g,  ProtococcoidesB,  some  Desmi- 
dieae) ;  or  it  is  coenocytic,  as  in  the  Siphonoide®,  either  unseptate 
(Siphonaceae)  or  incompletely  septate  (Cladophoracese,  Hydrodic- 
tyacese)  ;  it  is,  in  fact,  only  in  this  sub-class  that  the  coenocytic 
structure  occurs  among  the  AlgsB ;  or  the  body  is  multicellular, 
with  essentially  similar  cells  and  therefore  coenobitic  {e,g.  Spiro- 
gyra,  Pandorina^  Ulva),  or  exhibiting  at  least  a  distinction  be- 
tween vegetative  and  reproductive  cells  {e.g.  Vol  vox,  Chara).  The 
only  members  of  the  sub- class  in  which  there  is  any  appreciable 
difFcrentiation  of  the  vegetative  cells  are  the  Characeae. 

The  body  presents  all  degrees  of  morphological  differentiation ; 
it  may  be  a  thallus,  either  spherical  {e.g,  Haematococcus,  Volvox), 
or  filamentous  {e.g,  Spirogyra,  Ulothrix),  or  a  flattened  expansion 
{e.g.  Ulva,  Coleocheete)  ;  or  a  filament  with  rudimentary  differen- 
tiation into  root  and  shoot  {e.g.  (Edogonium) ;  or  it  may  present 
differentiation  into  stem,  leaf,  and  root  (je.g,  Caulerpa,  Fig.  162, 
Characeae).  It  may  be  free  or  attached.  Growth  and  cell-division 
commonly  go  on  in  all  the  cells  of  the  body,  so  that  the  growth  is 
intercalary  {e.g.  Spirogyra,  GBdogonium,  Ulva);  it  is  but  rarely  that 
thei'e  is  a  definite  growing- point,  and  then  it  is  apical  (Coleochaete, 
CharacesB,  some  Siphonoideae) ;  and  in  the  cellular  plants  which 
have  an  apical  growing-point,  there  is  a  single  apical  cell. 

The  sporophyte  is  very  simple,  both  histologically  and  morpho- 
logically, in  this  sub-class.  In  most  cases  it  is  represented  by  the 
sexually-produced  spore  (e.gr.  Pandorina,  CEdogonium,  Sphaeroplea) 
the  contents  of  which  undergo  division,  and,  on  germination,  are 
set  free  as  zoospores.  In  ColeochaBte  alone  does  the  oospore  under- 
go division  with  the  formation  of  septa,  so  that  the  sporophyte 
is  multicellular,  but  even  in  this  case  is  quite  rudimentary. 

Vegetative  multiplication  by  division  occurs  in  some  of  the  lower 
forms  {e.g,  ProtococcoideaB)  of  this  sub-class.  Reproduction  by 
zoospores  and  zoogonidia  is  general  (absent  in  Pleurococcaceae, 
ConJQgataB,  most  Volvocoideae,  CharacesB);  they  are  formed,  not  in 
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«peciali8ed  reproductive  organs,  but  iu  any  cell  or  part  of  the  body. 

A  sexual  process  has  been  observed  in  members  of  every  division 
of  this  8Qb-class  :  it  is  either  isogamous,  consisting  in  the  fusion  of 
planogametes  or  aplanogametes  (ConjugatsB),  with  the  formation 
oi  a  zygospore  ;  or  oogamous,  consisting  in  the  fertilisation  of  an 
oosphere,  which  is  in  no  case  extruded  from  the  female  organ,  by 
a  spermatozoid,  with  the  formation  of  an  oospore.  The  sexual 
organs  are  either  gametangia,  or  antheridia  and  oogonia ;  they  are 
unicellular  in  all  the  cellular  forms  (except  the  antheridium  of 
CharaceflB  and  that  of  some  species  of  CEdogonium),  and  present 
Tarioqs  degrees  of  specialisation.  A  gametang^um  gives  rise  to 
many  planogametes,  but  to  not  more  than  one  aplanogamete ;  the 
oogonium  produces  but  a  single  oosphere,  except  in  the  coenocytic 
Spberoplea;  the  unicellular  (as  also  the  coenocytic)  antheridium 
gives  rise  to  numerous  spermatozoids,  except  in  Coleochaete  and  in 
some  species  of  CEdogonium  where  it  forms  only  one;  in  the  multi- 
cellnlar  antheridium  of  the  Characeae,  numerous  spermatozoids 
are  developed  singly  in  distinct  mother-cells  (see  p.  115). 

In  those  Chlorophyceae  in  which  both  sexual  and  asexual  spore- 
formation  takes  place,  the  life- history  generally  presents  an  alter- 
nation of  generations..  There  is,  in  addition  to  this,  considerable 
polymorphism  in  many  members  of  the  sub-class,  so  that  various 
fonns  which  were  considered  to  be  independent  members  of  the 
simpler  families  are  now  known  to  be  merely  phases  in  the  life- 
history  of  more  complex  forms ;  for  instance,  various  unicellular 
forms,  such  as  Protococcus,  Palmella,  Gloeocystis,  etc.,  formerly 
classed  among  the  ProtococcacesB,  are  now  known  to  be  stages  in 
the  life-history  of  other  Protococcoideee,  Confervoideae,  Siph- 
oDoideiB,  etc. 

The  ChloropfayceiB  may  be  classified  as  follows  : — 
^e«  L     Protococcoideae :   plants  unicellular,  isolated  or  held  together  by 
mneilsgiDons  cell-walls  into  colonies ;  non-motile ;  the  body  is  a  thallup, 
sndbas  no  apical  growth ;  reproduction,  vegetative  by  division,  asexual  by 
zoospores,  rarely  sexual  and  isogamous  with  conjugation  of  planogametes. 
8«ne8  II.    Yolvocoideee :  plants  unicellular  or  multicellular,  and  when  multi- 
ceUnlar  not  filamentous ;  not  attached,  motile  by  means  of  cilia ;  tbe  body 
ii  a  thallus.  with  limited  growth  ;  reproduction,  vegetative  by  division, 
wewal  by  zoospores^  no  zoogonidia ;  sexual,  either  isogamous  with  con- 
jus^tion  of  planogametes,  or  oogamous. 
3*™"  111.  SipbonoideflB  :  plants  ca*nocytic,  unseptate  or  incompletely  septate  ; 
nou-motiie  ;  the  body  may  be  a  thallus  or  may  be  differentiated  into  stem, 
H  ind  root ;  with  or  without  apical  growth ;  reproduction,  asexual  by 
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zoogonidia  and  zoospores;   sexual,  either  isogamoos  (planofcametea),  or 
oogamoas. 
Series  IV.    Confervoidea :  plants  generally  mnlticellular,  Blamentons,  branched 
or  unbranohed  ;  growth  frequently  intercalary,  rarely  apical ;  body  attached 
or  floating,  a  thallns,  or  sometimes  with  mdimentary  differentiation  into 
root  and  shoot;   reproduction,  asexual  by  zoogonidia  and  zoospores,  in 
some  cases ;  sexual,  isogamons  (either  planogametes  or  aplanogametea),  or 
oogamous. 
Series  V.    Gharoidea :  plants  multicellular ;  body  attached,  differentiated  into 
stem    (with    apical   growth),    leaf,    and   root;    reproduction,  Tegetative 
by  gemme,  no  zoogonidia  or  zoospores;  sexual,  oogamous,  with  multi- 
cellular antheridinm  of  complex  structure. 
Series  I.    Pbotococcoidba.     The  forms  included  in  this  series  are  Teiy 
Tarious,  and,  inasmuch  as  their  life-history  is  for  the  most  part  imperfectly 
known,  it  is  uncertain  to  what  extent  they  are  independent,  or  are  only  phases 
in  the  life-history  of  eaoli  other  or  of  higher  ChlorophyceoB.    It  appears,  how- 
ever, that  they  may  be  fairly  classified  into  two  orders : — 

Order  1.    Pleurococcacea :  cells  isolated,  or  aggregated  into  colonies  of 
more  or  less  definite  form ;  multiply  only  by  cell-division  ;  no  other  mode  of 
reproduction. 

To  this  order  belong  such  isolated  forms  as  Plenro- 

fjf^  coccus,  Oocystis,  and  firemosphsra ;  and  such  aggre- 

^W^  gate  forms  as  Palmophyllum,  Palmodictyon,  Scene- 

_  desmus.    They  generally  grow  in  fresh  water;  but 

^^^     ^t^%  Pieurococcus  grows  on  damp  trees,  stones,  etc.,  and 

^|||r       V^  Palmophyllum  is  marine. 

Order  2.  Protococcaceae :  cells  isolated,  or 
tmltylwi  \x  510)  r^iuTdU  »«8''egft*e<i  >nto  colonies  of  more  or  less  definite  form  ; 
vidiog.  multiplication* by  cell-division  is  not  general;    re- 

production, asexual  by  zoospores,  or,  less  commonly, 
sexual  isogamous  (planogametes). 

This  order  includes  (1)  isolated  unicellular  form*,  either  free,  such  as 
Chlorococcum,  HalosphsBra;  or  attached  at  one  end,  such  as  Sciadium, 
Characium ;  or  inhabiting  the  tissues  of  higher  plants,  such  as  Ghlorochy  trium, 
Pbyllobium,  Endosphiera;  (2)  cells  aggreaated  into  mucilaginous  masses  of 
indeterminate  form,  e.g,  GhlorosphsBra  which  lies  in  or  on  submerged  fresh- 
water-plants;  (3)  cells  aggregated  into  mucilaginous  masses  of  determinate 
form,  the  whole  colony  being  generally  attached  at  some  definite  point  {e.if. 
Apiocystis,  Tetraspora,  Palmodaotylon,  Misohococcos,  Hormoiila,  Oocardium), 
or  free-floating  (e,y.  Dictyosphierium,  Botryoooccus). 

In  some  of  these  forms  there  is  what  is  termed  a  Palmella-stage,  in  which 
the  cells  multiply  by  division,  surrounded  by  mucilage  {e.g,  Hormotila, 
Gharacium). 

Isogamous  reproduction  by  means  of  planogametes  is  known  in  Tetraspora, 
Mischococcus,  Ghlorochytrium,  Endosphiera,  Pbyllobium.  The  zygospore,  on 
germination,  usually  gives  rise  to  one  or  two  zoospores ;  but  in  the  endophytic 
forms  (Ghlorochytrium,  Pbyllobium,  Eudusphsra)  the  still  motile  product  of 
conjugation,  the  zygozoospore,  penetrates  into  the  tissues  of  its  future  host. 
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and,  inrroimdiiig  itself  with  a  eell-wall,  directly  oonstitates    itself   a   new 
iodindnal. 

Series  II.  Voltoooidea.  The  body,  in  this  series,  is  free-swimmiog  for  at 
kact  ft  eonddersble  portion  of  its  life,  and  consists  of  one  or  more  cells  clothed 
with  s  lomewhat  mnoilaginoas  cell-wall,  through  which  the  cilia  (usually  two 
from  each  cell)  project  into  the  water.  According  to  the  unicellular  or  multi- 
eellolsr  stracture  of  the  body,  two  orders  may  be  distinguished  : — 

Order  1.  Chlamydomonadacea  :  body  a  single  cell,  resembling  in  many 
esaes  s  zoospore  in  appearance,  but  differing  essentially  from  it  in  possessing  a 
cell* wall ;  some  forms  have  a  resting  Palmella- stage,  in  which  they  multiply  by 
dirision;  sexual  process,  generally  isogamous  with  fusion  of  planogametes,  but 
BomeUmes  in  Chlamydomonas  it  is  really  oogamous.  consisting  in  the  fusion  of 
a  small  (male)  aplanogamete  with  a  larger  (female)  aplanogamete ;  the  repro- 
ductive cells  (planogametes  or  aplanogametes)  are  formed  by  division  ;  the 
zygospore  represents  the  sporophyte,  and  generally  gives  rise,  on  germination, 
to  two  or  four  motile  or  non- 
motile  individuals. 

The  principal  senera  are  Cbla- 
rajdomonas,  Hasmatococcus  (or 
Sphcrella),  Pbacotus. 

Order  8.  Volvocaceae  :  body 
molticellular,  consisting  of  a  de- 
finite Of  an  indefinite  number  of 
cells,  which  may  be  all  alike 
(canobiom),  or  there  may  be  a 
distinction  between  vegetative  and 
reprodaetive  cells ;  vegetative  re- 
prodoetion,  by  division  of  any  or 
sil  of  the  cells  of  the  body,  or  of 
certain  special  gonidial  cells  (Vol- 
^ox),  from  each  of  which  a  new 
iodividnal  ia  formed ;  sexual  re- 
piodoetion,  isogamous  by  piano* 
ginietes.  or  oogamous. 

Tlie  order  may  be  divided  into 
two  families  in  accordance  with  the  nature  of  the  sexual  process : 

Pam.  1.  Pandorinea :  sexual  process  isogamous ;  body  a  cc&nobium  consisting 
<^f  a  definite  number  (usually  16  in  Gonium  and  Pondorina,  and  8  in 
Stephanosphiera)  of  cells ;  any  of  the  cells  may  divide  to  form  a  new  individual, 
or  to  form  planogametes ;  the  zygospore  (at  least  in  Pandorina)  representing 
^  sporophyte,  sets  free  one  or  two  eooppores  on  germination. 

The  body  of  Pondorina  is  a  solid  sphere  (Fig.  167) ;  that  of  Gonium  is  a 
^*t,  iqaare  plate  of  cells ;  that  of  Stephanosphiera  consists  of  a  zone  of  cells 
IpDg  on  the  equator  of  the  more  or  less  nearly  spherical  mucilaginous  common 
celLwall. 

^<un.  2.  Budorinea  :  sexual  process  oogamous  ;  body,  a  hollow  sphere,  either 
^ecenobinm  consisting  of  a  definite  number  (geueritlly  32)  of  cells  (Bndorina) ; 
^  consisting  of  a  very  large  number  of  cells,  some  of  which  are  specially 


Pio.  107.— Pandonna  Mo  rum  (x  400).  A  vege- 
tative  stage.  B  fcwo  planogametes  in  process  of 
ooQJagation. 


238 


PAKT  III. — THE  CLASSIFICATION   OF  PLANTS. 


di£ferexitiated  as  reproductive  organs  (Volyox).  Eudorina  is  dicecioas,  the  cells 
of  the  body  of  any  one  individual  becoming  either  all  oogonia  or  all  antheridia ; 
Yolvox  is  sometimes  moncecious,  sometimes  dioecioas.  The  con  tents  of  the 
oospore  nndergo  repeated  bipartition  until  the  requisite  number  of  cells  to 
form  a  new  individual  is  attained.  The  vegetative  development  of  new  indi> 
\idual8  from  the  body-cells  of  Sudorina,  and  from  the  special  gonidial  cells  of 

Volvox,   takes   place  in 
<^  precisely  the  same  way 

\  ^  V  ,ti  I  ,^  ^  If  -  J-  ^  as  the  development  from 

/  the  oospore.    In  Volvox. 

the  small  individuals 
formed  vegetatively  from 
the  gonidial  cells  are  set 
free  into  the  cavity  of 
the  parent,  where  they 
remain  until  it  dies,  when 
they  are  set  free.  Tbe 
spermatozoids  of  Velvet 
and  Eudorina  are  dub- 
shnped,  yellow,  with  a 
red  eye-spot  (see  p.  102), 
and  bear  two  cilia,  either 
at  the  pointed  end  (Eu- 
dorina), or  inserted  la- 
terally (Volvox). 

Series  III.    SipnoNoi- 
DEJB.     The    forms    in- 
cluded   in    this    series 
may  be  arranged  in  the 
three  following  orders:— SiphonaceflB,  Cladophoraces,  HydrodictyaoesB. 

Order  1.  Siphonaceae.  Tlie  body  is  an  unseptate  coenocyte,  septa  being 
only  formed  in  connexion  with  tbe  development  of  reproductive  organs ;  it  is 
usually  attached,  and  presents  a  considerable  variety  of  form  ;  it  may  be  thalloid 
and  then  be  tubular  and  much  branched  (usually  in  Yaucheria,  Fig.  169, 
Phyllosiphon) ;  or  it  may  be  differentiated  into  root  and  shoot,  the  shoot 
assuming  various  forms,  such  as  a  rounded  cushion  (Codium  JJuna),  or  a 
simple  vesicle  (Botrydium,  Fig.  171) ;  or  the  shoot  may  be  differentiated  into 
stem  and  leaf  (Acetabularia,  Fig.  170,  Bryopsis,  Caulerpa.  Fig.  162);  it  has 
sometimes  continuous  apical  growth  {e.g.  Yaucheria) ;  tbe  wall  is  sometimes 
impregnated  with  chalk  {e.g,  Halimcda,  Acetabularia). 

Asexual  reproduction  is  known  to  take  place  in  only  a  few  forms i  it  is 
effected  by  zoogonidia  in  Botrydiam,  where  they  are  uniciliate ;  in  Yaucheria, 
where  they  are  multiciliate  (see  Fig.  75) ;  in  Derbesia,  with  a  group  of  cilia  at 
the  anterior  end ;  in  Halimeda,  where  they  are  biciliate  ;  in  Phyllosiphon,  which 
is  endophytic  on  Arisarum  vulgare^  it  is  effected  by  non-motile  gonidia,  as  it  is 
sometimes  also  in  Yaucheria.  In  Yaucheria  the  gonidia  are  formed  singly  in 
simple  gonidangia  formed  by  septation  of  branches  of  the  body ;  in  Botrydium 
and  Phyllosiphon  they  are  formed  in  large  numbers,  in  the  former  from  the 


Fie.  168.  — Folooar  Olohator  (after  Cohn ;    x  abont  100), 
monoecious,  with  antheridia  a,  and  oogonia  b. 
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whole  protoplasm  of  the  body,  iu  the  latter  from  that  of  saocessive  branches  of 


Fie.  168.— Fanehtfria  s«MtIu  ( x  90X  A  tp  A  newly^f ormed  zoogonidiam.  B  A  resiinsp 
loogonidiam.  C,  The  commencement,  D  and  B  more  advanced  stages,  of  geiini nation ; 
•p loogoiiidinm ;  •  apex  of  the  green  filament;  to  a  colourless  adventttioos  root.  F  Fila- 
meut  with  sexnal  organs ;  og  oogonium :  h  antheridiam  after  rapture.    (After  Sachs.) 


Fi©.  no.—Acttahularia  erenulata  (after  Kfitz- 
isf ;  net.  site):  the  terminal  circular  di^c  con- 
Hiito  of  a  wborl  of  coherent  leaves;  in  these 
U»e  ffsmetsogiA  are  formed. 


Fio.  171. — Botrydium  granulatum 
(X  6):  •  the  green  shoot;  to  tLe 
colourless  root. 
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the  tabalar  body ;  in  Derbesia  and  Halimeda  there  are  definite  gonidangia, 
each  prodaoing  a  number  of  soogonidia. 

Seznal  reprodaotion  is  generally  isogamons  by  planogametea :  Vaaeheria  is 
the  only  known  oogamous  form.  Isogamy  is  known,  certaiuly  or  probably,  in 
Botrydiom,  Bryopsis  (?),  Oodium  (?),  Dasydados,  Acetabalaria.  In  Botrydimn 
and  Aoetabularia  the  gametangia  are  formed  by  the  aggregation  of  the  proto- 
plasm (in  the  coherent  leaves  of  the  latter)  into  rounded  masses  whioh  become 
surrounded  by  a  wall,  and  are  set  free  by  the  rupture  of  the  parent  organism ; 
their  contents  undergo  frequent  division  to  produce  the  planogametes  which  are 
eventually  set  free ;  in  Dasydadus  and  Codium  the  unilocular  gametangia  are 
rounded  or  oval,  and  are  borne,  in  the  former,  terminally  on  the  leaves,  and  in 
the  latter,  as  lateral  outgrowths  on  the  thalloid  shoot ;  in  Bryopsis  the  small 
tubular  leaves  act  as  gametangia,  beiug  shut  off  by  a  septum  from  the  branch 
bearing  them. 

In  Botrydium,  Aeetabularia,  and  Dasycladud,  the  conjugating  gametes  are 
quite  similar ;  but  in '  Bryopsis  and  in  Codium,  the  one  (male)  is  small  and 
brown  or  yellow,  the  otlier  (female)  is  larger  and  green. 

In  Vaucheria,  the  sexual  organs  are  unilocular  antheridia  and  oogonia,  and 
are  developed  as  lateral  branches  which  become  shut  off  by  a  septum  (Fig.  169) ; 
each  antheridiom  gives  rise  to  a  number  of  biciliate  spermatozoids ;  each  oo- 
gonium gives  rise  to  a  single  oosphere  which  is  not  extruded,  and  has  a  hyaline 
receptive  spot  directed  towards  the  opening  of  the  oogonium. 

So  far  as  the  life-history  of  the  Siphonacew  is  known,  there  is  no  indication 
of  an  alternation  of  generations ;  the  plant  is,  in  all  cases,  the  gametopbyte.aud 
the  product  of  the  sexual  process  is  a  zygospore  or  an  oospore  which,  on  ger- 
mination, developes  directly  into  a  new  gametophyte. 
The  following  are  the  families  of  the  Siphonaces : — 

Fam.  1.     Vaudierlea :  oogaiuous ;  body,  simply  tubular  and  branched ;  in- 
cludes the  single  genns  Vaucheria ;  marine  aud  fresh-water. 
Fam.  2.    Derhaiea :    probably    isogamous ;     body     simply    tubular     and 

branched ;  single  genus  Derbesia ;  marine. 
Fam.  3.     Codiea :    isogamous,  so  far  as  known ;  body,  tubular  and  much 
branched,  the  branches  interwoven  into  a  tissue,  assuming  various 
forms ;  principal  genera,  Codium,  Halimeda,  Udotea  ;  marine. 
Fam.  4.    Da^ycladea :  isogamous ;  body  tubalar,  short,  differentiated  into 
stem  and  leaf,  the  stem  being  an  erect  main  axis ;  leaves  whorled, 
or  bilaterally  arranged  (Bryopsis) ;  principal  genera,  Dasydadus, 
Acetabularia,  Bryopsis ;  marine. 
Fam.  5.    Caulerpea  :  reproduction  not  known ;  body,  differentiated  into  root 
stem  and  leaf,  dorsiventral ;  stem  creeping,  bearing  roots  be- 
low and  leaves  above ;   genus,  Caulerpa  (Fi^.  162) ;  marine. 
Fam.  6.    Botrydiea :  isogamoas ;  body  differentiated  into  root  and  shoot  ; 
shoot,  vesicular,  thalloid  and  unbranched;    genus,  Botrydimn 
on  mud. 
Fam.  7.    PhyUotiphonea :   sexual  reproduction  not  known ;  asexual  repro- 
duction by  non-motile  gonidia ;  body,  tubular  branched,  or  vesi- 
cular and  unbranched,  thalloid;  endophytic;  genera,  Phyllosiphon 
in  leaves  of  ArUarum  vulgare^  PLytophysa  in  shoots  of  Pilea. 


OBOCP  I. — THALLOPHYTA:   ALQJB  :   CHLOKOPHYCEJB. 


241 


Order  2.  Cladophoraceae.  The  Ixody  is  incompletely  septate  and  the 
segments  are  coeiiocytio  ;  it  is  filamentous,  branched  or  nnbranched,  sometimes 
differeotiated  into  root  and  thalloid  shoot,  attached  or  free-floating,  the  shoot 
with  or  without  apical  growth :  reproduction,  asexual  by  zoogonidia ;  sexual, 
isoguDona,  or  oogamous* 

The  order  comprises  the  families  SphasroplesB.  CladophoresB,  and  Yalonieaa. 

Fam.  1.  SpJiaropUa :  the  body  consists  of  floating  unbranched  filaments, 
witboat  distinction  of  base  and  apex,  and 
with  intercalary  growth.  Each  segment  oon- 
taina  numerous  small  chloroplastids  as  well 
as  some  larger  chloroplastids  with  pyrenoids. 
Any  segment  of  the  body  may  become  a 
sexoal  reproductive  organ,  either  an  oogon- 
ium or  an  antheridium,  without  any  change 
of  form ;  in  the  oogonium  several  oospheres 
are  formed  by  free  cell-formation  (see  p.  121), 
and  likewise  in  the  antheridium,  after  re- 
peated nuclear  division,  a  great  number  of 
spermatozoids ;  the  oospheres  are  not  ex- 
truded, but  are  fertilised  in  the  oogonium 
bj  spennatozoids  which  enter  through  an 
opening  formed  in  the  wall ;  the  oospore,  at 
first  green,  assumes  a  bright  red  colour,  and 
on  germination  sets  free  2-8  zoospores,  each 
of  which  gives  rise  to  a  new  filament :  thus 
the  Ufe-history  indicates  an  alternation  of 
generations,  the  oospore  representing  the 
sporophyte.  Sphadroplea  is  the  only  genus, 
sod  it  comprises  but  one  species — 5.  an- 
nuUua, 

Fam.  2.  Cladophorea :  body  filamentous, 
generally  attached  by  a  basal  root-segment, 
branched  {e,g.  Cladophora,  Pithophora)  or 
^mbranehed  {e.g,  Urospora,  Chsetomorpha^ 
Bhiioelonium),  with  usually  intercalary 
growth  (though  it  is  apical  in  Cladophora  and 
Pithophora) ;  each  segment  contains  a  peri- 
pheral layer  of  chloroplastids  (Fig.  172), 
eontinnous  or  interrupted,  in  which  are 
scattered  pyrenoids;  reproduction,  asexual 
bj  xoogonidia  (except  Bhizocloninm  and 
Pithophora);  an  isogamons  sexual  process 
between  planogametes  has  been  observed  in 
Uroepora  and  Cladophora ;  reproductive  cells 
formed  in  all  or  any  of  the  segments  of  the 
body  without  special  modification ;  the  zygo- 
spore appears  to  develope  directly  into  a  new 


Fia.  17S.  —  Cladophora  ghnMraia 
(after  Btrasborger:  x  6U)).  A 
ccenocyte  of  the  filament  (chromic 
acid  and  carmine  preparation) : 
nanncleus;  ehaohloroplaatid;  the 
polygonal  chloroplastids  form  a 
continuous  layer,  the  outlines  of 
the  individual  plaatids  remaining 
visible;  p  pyrenoids;  «  starch- 
grains. 


plaDt(Ckdophora)»ao  that  the  sporophyte  is  not  represented  in  the  life-history^ 
T.  8.  B.  R 
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VegetatiTe  propagation  ooenrs  in  some  formB:  an  entire  eegment  (Bhiso- 
cloninm),  or  a  part  of  a  segment  (Pithophora),  or  several  parts  of  a  repeatedly 
septated  segment  (Urospora)  become  densely  filled  with  protoplasmic  eontentfi 
and  then  break  away  from  the  body,  and  germinate  either  at  once  or  after  a 
period  of  rest ;  in  Urospora  this  body,  which  appears  in  all  oases  to  be  of  the 
nature  of  a  gemma,  sometimes  gives  rise  to  zoogonidia. 

Cladophora  and  Chntomorpha  occur  in  both  salt  and  fresh  water ;  Pithophora 
exdasively  in  fresh  water ;  Urospora  exclusively  in  salt  water ;  Bhizoclonlom 
oecars  both  in  fresh  and  salt  water,  and  also  in  damp  soil. 

Fam.  3.  Valoniea :  body,  essentially  tubular  and  much  branched,  attached 
by  a  root,  the  thalloid  shoot  presenting  various  forms  (vesicular  or  davate,  or 
a  flattened  expansion),  with  apical  growth ;  the  only  form  of  reproduction 
known  is  asexual  by  zoogonidia  (in  Valonia,  Siphonocladus,  Anadyomene): 
principal  genera,  Valonia,  Dictyosphsria,  Siphonocladus,  Stmvea,  Anadyomene ; 
all  marine. 

Order  3.  HydrodictyaceaB :  body  thalloid,  a  non-motile  unattached 
coBuobium,  formed  by  the  aggregation  of  originally  distinct  cells,  of  limited 
growth;  a  net  (Hydrodictyon),  or  a  flat  plate  (Pediastrum),  or  a  solid  sphere 
(Sorastrum),  or  a  hollow  sphere  (Ccelastrum) :  reproduction,  asexual  by  zoo- 
gonidia  (Hydrodictyon,  Pediastrum)  or  non-motile  gonidia  (Gcelastrum,  Sora- 
strum) ;  sexual,  isogamous  by  planogametee  (known  only  in  Hydrodictyon  and 
Pediastrum). 

It  appears  that  Coelastrum  and  Sorastrum  are  really  oellular  plants,  each 
segment  of  the  body  being  a  cell  with  a  single  nucleus* 

All  four  genf ra  are  confined  to  fre«h  water. 

The  following  is  a  brief  sketch  of  the  life-history  of  Hydrodictyon.  The 
asexual  reproduction  of  this  plant  consists  in  the  formation  of  a  large  namber 
(7,000-20,000)  of  zoogonidia  in  any  one  of  the  segments  of  the  coBnobimn ;  the 
zoogonidia  do  not  escape  from  the  segment  (gonidangiam),  but  swim  actively 
within  it  for  a  time,  when  they  come  to  rest,  cohering,  as  they  do  so,  to  foim  a 
small  net-like  coenobium,  which  is  eventually  set  free  by  the  disorganisation  of 
the  wall  of  the  gonidangium,  and  then  grows  to  the  full  size.  The  sexual  re- 
production consists  in  the  formation  in  a  segment  (gametangium)  of  the 
•coenobium,  of  a  very  large  number  (80,000-100,000)  of  small  planogametee ;  these 
are  set  free  into  the  water,  and  conjugate  to  form  zygospores.  The  zygospore, 
which  has  a  thick  wall  and  is  angular  in  form,  andergoes  a  period  of  quiescence ; 
on  germination  its  contents  divide  into  two  or  more  cells  which  are  set  free  as 
zoospores,  and,  after  a  brief  period  of  motility,  come  to  rest.  Each  then  sur- 
rounds itself  with  a  thick  cell- wall,  and  assumes  a  peculiar  angular  form,  on 
account  of  which  it  has  been  termed  the  polyhedron^itage.  The  polyhedron 
grows  and  its  contents  divide  into  a  number  of  zoospores ;  the  outer  coat  of  the 
polyhedron  then  ruptures,  and  the  contents,  surrounded  by  the  thin  inner  coat, 
are  extruded;  the  zoospores  then  arrange  themselves  into  a  small  Hydro- 
dictyon-plant.  Thus  the  life-history  of  Hydrodictyon  presents  a  definite  alter- 
nation of  generations ;  the  plant  is  the  gametophyte ;  the  zygospore  and  the 
polyhedron  together  represent  the  sporophyte. 

The  life-history  of  Pediastrum  is  essentially  the  stme  as  that  of  Hydrodictyon ; 
but  in  Pediastrum  the  zoogonidia  are  set  free  from  the  gonidangium,  sur- 
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nmtided  by  a  delloato  membraae  within  which  they  oome  to  rest  and  eohere 
to  lonn  a  Pediaitrum-plant. 

Iq  Ccelastniin  aad  Sorastram  the  gonidia  formed  in  the  mother-oell  either  at 
onoe  unite  to  form  a  new  ecenobiam,  or  they  may  be  set  free,  and  then  each 
undergoes  repeated  division  to  form  a  new  cceuobiam.  In  view  of  the  state- 
ment that  these  two  genera  are  not  ccenocytic,  but  cellnlar,  and  of  the  fact  that 
in  them  the  coenobinm  may  be  formed  by  oell-division,  it  appears  that  their 
afllnities  are  rather  with  the  Protooooooideie  than  with  the  Siphonoides. 

Series  IV.    Confbuvoidui.    The  forms  included  in  this  series  may  be  arranged 

in  the  following  orders : — 
Sub-series  A,     Azoosporeie  :  no  zoogooidia  or  zoospores. 

Order  1.    Conjagatds :  sexnal  reproduction  by  aplanogametes. 
Sub-series  B,  Zoosporeie ;  asexual  reproduction  by  zoogonidia  and  zoospores. 
hogamout  Orders  ;  — 

Order  2.    UlothrichacesB :  body  filamentous,  unbranehed. 

Order  3.     Chfetophoraceaa :  body  filamentous,  branched. 

Order  4.    UlvacesB  :  body  a  flat  or  tubular  cellular  expansion. 
Oogamout  Orders : — 

Order  5.  (EdogoniaoesB :  body  filamentous,  unbranehed  Texcept  Bulbochaete] . 

Order 6.  Ck>leooh83taceflB :  body  filamentous,  branched;  oogonium  with  a 
trichogyne ;  sporophyte  multicellular. 

An  asexual  formation  of  spores  takes  place  in  all  the  Confervoidefe,  except  the 
Coojngats.  The  sporophyte,  in  all  cases  in  which  it  is  fully  known,  gives  rise 
to  zoospores.  The  gametophyte  multiplies  itself  by  means  of  zoogonidia,  and 
in  §ome  cases  (ChstophoracesB)  by  means  of  resting  gonidia.  The  gonidangia 
ire  not  differentiated,  as  any  cell  of  the  body  may  act  as  one.  Several  zoospores 
are  nsnally  developed  in  a  single  sporangial  cell,  but  in  some  cases  only  one 
{t.g,  zoogonidia  of  OSdogoniom  and  Coleochiete,  zoospores  of  Coleochadte). 

A  sexual  formation  of  spores  takes  place  in  all  the  Confervoidea^ ;  in  the 
ingamous  forms  the  product  of  conjugation  is  a  zygospore ;  in  the  oogamoas 
forms  it  is  an  oospore.  In  the  isogamous  forms  the  sexual  organs,  or  game- 
tangia,  are  not  differentiated ;  any  or  all  of  the  cells  of  the  body  may  act  as 
gametaogia;  the  sexual  cells  are  (except  in  the  Ck>njugatie)  free-swimming  simi- 
lar planogametes ;  in  the  C!onjogatie  the  gametes  are  not  set  free  into  the  water 
and  they  are  not  ciliated.  In  some  cases  {e.g,  Ulothrix,  Chroolepus)  the  piano- 
gametes,  if  they  fail  to  conjugate,  are  capable  of  independent  gt^rmination,  thus 
■bowing  their  imperfect  sexual  differentiation.  The  plauo^ametes  usaally 
differ  from  the  zoogonidia  iu  being  smaller.  In  tbe  oogamous  forms  the  s^exual 
organs  are  antheridia  and  oogonia ;  they  are  more  or  less  markedly  differen* 
tiated.  The  sexual  cells  are  oospheres  and  spermatozoids.  The  oospheres  are 
formed  singlj  in  the  oogonium.  The  spermatozoids  are  formed  singly  in  the 
mother-cell;  they  resemble  tbe  zoogonidia  of  the  respective  plants,  but  are 
smaller  and  are  not  green. 

The  life-history  of  the  Confervoideie  has  been  investigated  with  success  in 
only  a  few  forms  (some  Conjugatse,  Ulothrix,  OSdogonium,  ColeochsBte).  In 
the  Conjagata,  aa  there  is  no  asexual  production  of  spores,  there  is  no  alterna- 
tion of  generations ;  in  the  others  such  an  alternation  can  be  traced.    In  these 
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forms,  the  plant  is  the  gametophyte,  prodacing  not  only  the  sexual  cells,  hot 
also  zoogonidia.  The  sporophyte  is  the  zygospore  (Ulothrix),  or  the  oospore 
(CEdogoniom),  or  a  structure  developed  by  cell-dmsion  from  the  oospore 
(ColeochflBte).  la  Ulothrix  and  CEdogonium,  the  contents  of  the  spore,  whether 
zygo8i>ore  or  oospore,  undergo  division  giving  rise  to  two  or  more  zoospores 
which  are  set  free  and,  after  a  longer  or  shorter  period  of  movement,  come  to 
rest  and  germinate,  each  developing  into  a  gametopbyte.  In  ColeoohsBte,  the 
contents  of  the  oospore  likewise  undergo  division,  but  the  product  is  not  several 
zoospores ;  it  is  a  small  multicellular  body  which  constitutes  the  sporophyte, 
each  cell  of  which  eventually  sets  free  its  contents  as  a  single  zoospore  which, 
on  coming  to  rest,  developes  into  a  gametophyte. 

It  must  be  noted  that  in  this  series,  as  in  others,  the  gametopbyte  does  not 
always  actually  produce  sexual  organs ;  thus,  in  Coleochaete,  there  is  generally 
a  succession  of  such  potential  gametophytes  produced  by  means  of  zoogonidia 
before  an  actual  gametophyte  makes  its  appearance. 

There  is  evidence  of  considerable  further  polymorphism  in  the  members  of 
this  group :  some  of  them  appear  to  have  protococcoid  or  palmelloid  forms ; 
the  flattened  expanded  forms  have  filamentous  stages,  etc. 

The  following  is  a  brief  account  of  the  orders  of  the  GonfervoidesB  : — 
Order  1.    Conjugatae ;   the  characteristics  of    this    sub-order  have  been 
already  stated ;  it  need  only  be  added  that  the  plants  are  usually  not  attached. 
It  includes  the  families  Desmidiese,  Zygnemes  and  Mesocarpeie ;  all  fresh- 
water. 

Family  1.  Detmidiea,  These  are  unicellular  organisms,  either  solitary  or 
connected  into  filaments ;  they  possess  some  power  of  locomotion.  Each  cell 
consists  of  a  mass  of  protoplasm  with  a  central  nucleus,  and  contains  two 
or  more  chloroplastids  in  which  lie  conspicuous  pyrenoids.  The  cell-contents 
are  arranged  symmetrically  in  the  two  halves  of  the  cell,  and  in  many  forms 
this  bilateral  synunetry  is  emphasised  by  a  deep  constriction  in  the  median 
plane. 
The  Desmids  multiply  to  a  large  exteut  by  division ;  the  cell  is  divided  into 

two  by  the  formation  of  a  cell-wall 
in  the  median  plane,  and  then  each 
half  produces  a  new  half  correspond- 
ing to  itself ;  hence  the  two  halves 
of  a  cell  are  of  different  ages.  The 
only  other  mode  of  reproduction  is 
by  means  of  zygospores  formed  by 
the  conjugation  of  two  individuals 
(Fig.  173).  On  germination  the  con- 
tents of  the  zygospore  divide  into 
two  halves,  each  of  which  becomes 
an  individual. 

Among   the  commoner  forms  of 
the  DesmidiesB  are  Closterium  (Figs. 
173  and  174),  Staurastrum,  Euas* 
trum  (Fig.  174  C). 
Family  2.  Zygnemea.    These  plants,  consisting  of  long,  delicate,  unbranched 


B. 
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Fis.  173.— Closterinio.  A  ia  oonjagation ; 
ty  zygospore :  B  in  transverse  section  show- 
ing posiUon  of  the  chloroplastid  cl  (x  200). 
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filAments  eomposed  of  cylindrical  cells,  occur  as  floating  green  masses  in  ponds 
and  springs.  Each  cell  contains  a  peripheral  layer  of  protoplasm  in  close  con<< 
(set  with  the  cell-wall,  en- 

elosing    a    large     central  ^ 

Tseaole  in  which  the  nn- 
deos  is  sitaated  in  a  mass 
of  protoplasm  connected 
with  the  peripheral  layer 
by  several  delicate  proto- 
plasmic filaments.  The 
ehloroplastids  are  the 
most  oonspicuoos  feature 
of  the  cell;  in  Spirogyra 
(Fig.  17a)  and  Sirogonium, 
the  ehloroplastids,  of  which 
there  may  be  from  one 
to  four,  lie  in  the  parietal 
protoplasm;  they  are  spir- 
ally twisted  in  Spirogyra,  bat  are  nearly  straight  in  Sirogonium ;  like  those 
of  the  Desmids,  these  ehloroplastids  contain  several  pyrenoids  with  associated 
Btareh-gniins ;  in  Zygnema  (Fig.  174  A)  each  cell  contains  two  ehloroplastids, 
suspended  in  the  middle  line,  each  containing  a  pyrenoid  with  starch-grains. 

The  filaments  elongate  by  the  growth  and  division  of  all  the  constitaent  cells, 
tnd  readily  break  up  into  segments,  consisting  of  one  or  more  cellSf  which  grow 
into  new  filaments.     . 

The  sexual  organs  (gametangia)  are  quite  undifferentiated ;  any  or  all  of  the 
oells  of  a  filament  may  act  as  sexual  organs,  the  whole  of  its  contents  being 
converted  into  a  single  non-ciliate  gamete.  The  sexual  process  (conjugation) 
eoQsists  in  the  fusion  of  the  gametes  derived  from  two  cells  belonging  generally 
to  two  filaments,  bat  sometimes  to  the  same  filament.  It  is  effected,  in  most 
eases,  bj  the  development  of  a  lateral  outgrowth  from  the  middle  of  each 


Fio.  174.~il  Fragment  of  a  filament  of  Zygnema ; 
in  each  cell  are  two  star-shaped  chloroplastida  con. 
nected  by  a  colourless  mass  of  protoplasm  in  which  lies 
the  nadeoB.  B  Glosteriam.  C  Soastrnm,  two  DesmidH 
with  ehloroplastids;  in  B  there  is  a  vacuole  at  each 
end  in  which  a  number  of  granules  may  be  seen  in 
motion. 


Pk.  176.— Conjugation  in  Spirogyra  (x  400).  At  if  two  cells  of  adjacent  filaments  are 
about  to  conjng'ate,  and  are  putting  out  protuberances  (a)  towards  each  other;  cl  chlcro- 
Plastid ;  k  nncleua.  At  B  the  gamete  p  of  the  one  cell  is  passing  over  and  fusing  with 
tbtt  o(  the  otber  (p).  At  C  the  process  of  conjugation  is  completed,  the  lygoepore  Z  being 
tbe  pndaot. 

gunetangium;   tbe  two  outgrowths  meet  (Fig.  175)  and  their  walls  become 
absorbed  at  the  point  of  contact  so  that  the  cavities  of  the  two  gametangia  are 
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continuonB.  The  protoplasmic  oontents  of  each  cell  oontract  away  from  the 
wall  of  each  gametangiam  to  fonn  the  gamete.  The  formation  of  the  gamete 
takes  place  earlier  in  one  gametangium  than  in  the  other,  and  the  first-formed 
gamete  travels  across  the  conoecting  channel  into  the  cavity  of  the  other 
gametangiam  when  it  fnses  with  the  other  gamete ;  the  resulting  cell  sarroands 
itself  with  a  wall,  and  constitates  a  zygospore.  Since  the  first- formed  gamete 
is  the  more  active  in  the  process  of  conjugation,  it  may  be  regarded  as  a  male 
cell,  the  other  as  a  female  cell,  so  that  there  is  a  mdimentary  differentiation  of 
sex.  Farther,  since  the  cells  of  any  one  filament  all  behave  alike  in  the  process 
of  coDJagation,  it  is  possible  to  speak  of  male  and  female  filaments  or  indi- 
viduals. In  Zjgogonium,  however,  the  gametes  are  similar,  both  as  regards  the 
time  of  their  formation  and  their  share  in  conjngation;  in  this  form  the 
gametes  meet  ia  the  connecting  channel  and  there  fuse  to  form  the  zygospore. 

Occasionally  bodies  resembliog  zygospores  are  formed  in  the  cells  of  a  fila- 
ment without  any  conjugation ;  these  are  distinguished  as  azygofporet,  and  are 
products  ot  parthenogenesis  (see  p.  87). 

After  a  period  of  rest,  the  zygospore  germinates ;  the  outer  coat  is  mptured, 
and  the  oontents,  covered  by  a  thin  cell- wall,  protrude  as  a  filament  which  is 
divided  by  a  transverse  septum  into  two  cells ;  of  these,  the  one  becomes 
elongated  and  remains  narrow  in  the  cavity  of  the  spore,  undergoes  no  farther 
division,  and  contains  little  or  no  chlorophyll,  whereas  the  other  becomes 
broader,  coutains  one  or  moie  chloroplastids  and,  by  repeated  division,  forms  a 
filament.  Thus  there  is  at  first  a  differentiation  of  the  body  into  root  and 
phoot,  but  this  soon  ceases  to  be  apparent.  It  is  most  clearly  marked  in 
Spirog3rra  and  Sirogonium  (see  Fig.  6).  Principal  genera  :  Zygoema,  Spirogyra 
(incl.  Sirogonium),  Zygogonium. 

Family  3.  Mesocarpete,  These  plants  resemble  the  Zygnemeas  in  all  the 
chief  features  of  structure  and  reproduction,  but  can  be  distinguished  by  the 
following  peculiarities.  In  the  first  place  there  is  no  contraction  of  the  whole 
piotoplasmic  contents  of  the  gametangium  to  constitute  a  gamete,  but  a  portion 
only  of  the  contents  of  the  two  (or  sometimes  three  or  four)  cells  fuse ;  secondly, 
conjugation  always  takes  place  so  that  the  product  of  conjugation  lies  between, 
and  not  in,  either  of  the  gametangia  ;  thirdly,  the  product  of  conjugation  is  not 
at  once  a  zygospore,  but  is  a  mass  of  protoplasm  which  becomes  shut  off  from 
the  conjugating  gametangia  by  the  formation  of  a  septum  on  each  side;  this 
niasn  of  protoplasm  then  surrounds  itself  with  a  proper  wall  and  proves  itself 
to  be  a  spore  by  germinating.  There  is  no  marked  differentiation  of  the  young 
plant  into  root  and  shoot.  Azygospores  are  of  frequent  occunence  in  this 
family  (esp.  Gonatonema).     Genera :  Mougeotia,  Gonatonema. 

Order  2.  Ulothrichaceae.  The  unbranched  filament  is  attached  by  a 
narrow  elongated,  frequently  colourless,  root-cell ;  the  growth  in  length  of  the 
filament  is  intercalary,  that  is,  each  cell  elongates  and  divides  by  a  transverse 
wall  into  two. 

The  reproductive  organs  are  quite  undifferentiated ;  any  cell  of  the  filament 
may  become  an  asexual  organ,  a  gonidangium,  or  a  sexual  organ,  a  gametan- 
gium. In  the  former  case  the  protoplasmic  contents  of  the  cell  divide  into  two 
or  four  which  are  set  free  as  zoogonidia ;  in  the  latter  case  the  contents  divide 
into  eight  or  sixteen  which  are  set  free  as  planogametes.    The  zoogonidia  are 
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■omewbat  pear-shaped  in  lonn,  the  more  pointed  end  being  colonrless  and 
bearing  fbnr  eilia  and  a  pigment-spot ;  the  planogametes  resemble  the  aoo> 
gonidia  bnt  are  proportionately  smaller  and  have  only  two  oilia.  When  the 
loogonidia  come  to  rest,  they  seerete  a  call-wall,  and  become  attached  by  the 
ooloorlesB  end  which  forms  the  rootoell  of  the  developing  filament.  The  piano- 
gametes  eoDJQgate  to  form  zygospores,  bat  if  they  fail  to  conjugate  they  may 
germinate  independently,  and  they  do  so  in  the  same  manner  as  the  i6ogonidia, 
only  the  resnlting  filament  is  smaller.  The  aygospore  grows  and  attaches  itself 
by  its  hyaline  portion  which  developes  into  a  root ;  after  a  period  of  quiescence 
its  contents  divide  and  are  set  free  as  2-8  zoospores  resemblinit  the  zoogonidia. 
Fresh-irater  and  marine.  Principal  genera:  Ulothrix,  Conferva,  Hormidium, 
BfieiQspora,  Binudearia. 


?ie.  in,^jnoihri»  Mwota :  A  part  of  a  flla- 
nnu  from  a  cell  of  which  planoflrametes  are 
Mcapiaif,  the  other  cells  haviog  already  emptied 
tbeaitelrea;  B  planogametes;  C  the  proceu 
of  oonjngalioD ;  D  young  ly gospores ;  JB  mature 
STgwpore;  F  germinating  zygospore  with 
h7*Iiiie  root ;  Q  the  eontenta  of  the  embryonic 
tbootof  the  iporophyte  dividing  to  form  soo- 


Fie.  177.—  XJlothrir  tonata:  A 
planogametes  in  different  stages  of 
conjugation  »-d :  B  a  soogonidinm. 
(Afler  Dodel-Port.) 


Order  8.  ChsBtophoracesB.  The  body  is  attached  by  a  basal  cell,  and  is 
enet  or  creeping ;  it  is  filamentous  and  much  branched,  and  usually  bears  long 
hair.like  outgrowths  usually  formed  at  the  apex  of  the  branches  on  the  cessa- 
tion of  the  merismatio  activity  of  the  apical  growing-points  ;  the  further  elon- 
gation of  sneh  branches  is  intercalary,  being  effected  by  the  growth  and  division 
of  one  of  the  cells  near  its  base. 

Beprodnction  by  zoogonidia  is  known  in  almost  all  the  genera ;  the  goni- 
dangia  ate  usually  quite  undifferentiated,  though  in  some  forms  {e.g,  Chroolepus) 
they  differ  in  form  from  the  ordinary  vegetative  cells ;  their  development  is 
United  in  some  cases,  either  to  terminal  cells  (Microthamnion),  or  to  the  cells 
of  the  lateral  branches  (Drapamaldia)  as  distinguished  from  the  main  axis ;  the 
xoogoDidia  may  be  developed  singly  in  the  gonidangium  (e.g.  Chroolepus),  in  any 
»M  the  number  does  not  exceed  four ;  the  zoogonidia  have  frequently  four  cilia. 

Bsnal  isogamous  reproduction  is  known  in  only  a  few  genera  (Stigeoclonium, 
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Chroolepns,  and  some  others) ;  the  gametangia  are  bat  little,  if  at  all,  differen- 
tiated from  the  vegetatiye  cells  of  the  body ;  in  Chroolepus  the  gametes  olosely 
resemble  the  zoogonidia. 

The  germination  of  the  zygospore  is  only  known  in  Phnophila ;  the  contents 
escape  as  a  non-motile  cell  which  grows  ont  basally  into  a  root-like  organ  of 
attachment,  and  apically  into  the  multicellalar  shoot-filament. 

Principal  genera :  Chfetophora,  Stigeocloninm,  Drapamaldia  in  fresh  water ; 
Chroolepus  (Trentepohlia)  grows  on  rocks  and  tree-tronks,  and  is  peculiar  on 
account  of  its  orange  or  violet  colour. 

Order  4.  Ulvaceae.  The  membranous  body  consists  of  a  single  flat  layer  of 
cells  (Monostroma),  or  of  a  single  tubular  layer  of  cells  enclosing  a  caTity 
(Euteromorpha),  or  of  two  layers  in  close  contact  (UWa) ;  the  body  is  attached, 
at  least  when  young;  by  a  root,  and  is  sometimes  branched  (esp.  Entero- 
morpha) ;  the  growth  of  the  body  is  intercalary,  all  the  ceUs  being  concerned 
in  it. 

Any  cell  of  the  body  may  become  a  gonidangium  or  a  gametanginm ;  the 
zoogonidia  have  four  cilia,  the  planogametes  two ;  conjugation  of  planogametes 
has  been  observed  in  the  three  above-mentioned  genera;  the  zygospore,  on 
germination,  developes  directly  into  a  new  plant,  producing  basally  the  root  and 
distally  a  cellular  filament  which  becomes  the  thalloid  shoot.  Inhabit  both 
fresh  and  salt  water* 

Order  5.  CEdogoniaceae.  Filaments  unbranched  (except  BulboohiBte), 
attached  by  a  root ;  growth  intercalary.  The  mode  of  growth  of  the  individual 
cells  of  CBdogoniam  is  peculiar ;  in  the  plane  of  division  a  ring  of  cellulose  is 
formed  roand  the  cell-wall ;  the  cell-wall  then  ruptures,  and  the  cellulose-rin? 
is  stretched  so  as  to  form  a  membrane  across  the  rent ;  as  this  process  takes 
place  repeatedly  near  the  upper  end  of  the  cell,  the  projecting  edges  of  the  re- 
peatedly ruptured  cell-wall  form  a  series  of  caps ;  the  transverse  septa,  dividing 
the  elongated  cells  into  two,  are  always  formed  toward  the  lower  end  of  the  cells. 

Any  cell  of  the  body  may  be  a  gonidangium,  setting  free  its  protoplasmic 
contents  as  a  single  zoogonidium  with  a  circlet  of  cilia  round  its  more  pointed 
colourless  end.  On  coming  to  rest,  the  zoogonidium  attaches  itself  by  its 
colourless  end,  surrounds  itself  with  a  cell-wall,  and  grows  into  a  filament ;  the 
colourless  portion  becomes  the  root-ccU  (see  Fig.  74). 

The  sexual  organs  are  differentiated.  Some  cells  of  a  filament  increase  in 
size  and  become  rounded  in  form,  each  constituting  an  oogonium.  The  proto- 
plasm in  each  oogonium  contracts  away  from  the  wall  to  constitute  the  single 
oosphere.  Access  to  the  oosphere  is  afforded  either  by  the  perforation  of  the 
oogonium-wall,  or  by  the  partial  breaking-away  of  the  cell  immediately  above 
the  oogonium  in  the  filament.  The  oospbere  has  a  well-marked  receptive  spot. 
The  antheridia  are  formed,  either  in  the  same  or  another  filament  as  the  species 
is  monoecious  or  dioecious,  by  the  repeated  tranverse  division  of  a  cell  of  the 
filament ;  in  some  species  the  antheridium  gives  rise  to  a  single  spermatozoid, 
but  in  most  it  undergoes  division  into  two  cells  each  of  which  produces  a  sper- 
matozoid. The  spermatozoids  resemble  the  zoogonidia,  but  are  smaller  and 
are  yellow  instead  of  green ;  they  are  set  free,  and  finding  their  way  to  the 
oogonia,  one  enters  an  oogonium  and  fertilises  the  oosphere,  penetrating  into  it 
at  the  receptive  spot  (Fig.  178). 
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In  some  rpeeies,  termed  gynandrotporous,  the  filaments  prodaoe  no  anthe- 
ridia,  bat  only  oogonia.  Some  of  the  cells  of  sneh  a  filament  undergo  trans- 
rene  division  to  form  short  cells  which  somewhat  resemble  antheridia.  The 
contents  of  each  of  these  cells  are  set  free  as  a  single  zoogonidinm,  termed  an 
androiporif  intermediate  in  size  and  colour  between  the  ordinary  zoogonidia 
and  the  spermatozoids,  and  resembling  them  in  form.  The  androspore  comes 
to  rest,  attaching  itself  to 
the  wall  of  an  oogoniam 
(Fig.  178),  and  germinates, 
fonning  a  small  filament, 
known  as  a  dwarf-male, 
vhich  consists  of  a  root- 
cell  and  two  or  three  cells 
above  it;  each  of  these 
upper  cells  is  an  anther- 
idiom,  and  its  contents 
an  set  free  as  a  single 
spermatozoid. 

On  germination,  the 
contents  of  the  oospore  are 
set  free  as  fpnr  zoospores, 
vbich  resemble  the  zoo- 
gonidia, and  germinate  in 
the  same  manner.  Fresh- 
water: genera,  CBdogon- 
iam,  Bulbochfete. 

Order  6.  ColeochaB- 
taceae.  Body  filamentous, 
branched,  forming  hemi- 
spherical or  disc-shaped 
cQshions  on  sobmerged 
stones  or  parts  of  water- 
plants;  the  mode  of 
growth  is  essentially  api- 
cal, thoogh  in  some  forms 
(C.  icutata)  the  apical 
oelli  constitute  a  marginal 
Beries;  most  of  the  cells 
efentnally  develope  the 
peealiar  sheathing  hairs 
which  have  suggested  the 
name  of  the  family. 
Freshwater:  Coleochajte, 
the  sole  genos. 

The  gonidangia  are  un- 
differentiated ;  any  cell 
"»M  set  free  its  proto- 
pUsmie  contents  as  a  zoo- 
gonidiam  with  two  cilia. 


Fio.  178.— il  (EdogoniuM  cHiatum  vx  250).  A  Middle 
part  of  a  sexual  filament  with  three  oogonia  (og)  fertilised 
by  the  dwarf -male  plants  {m\  developed  from  zoogonidia 
formed  in  the  cell  m  at  the  upper  part  of  the  filament. 
B  Oogonium  at  the  moment  of  fertilisation :  o  the 
ooephere ;  og  the  oogonium ;  s  the  spermatozoid  in  the 
act  of  forcing  its  way  In ;  m  dwarf-male  plant.  C  Ripe 
oospore.  D  Piece  of  the  male  filament  of  (Ed.  gtmelli. 
par um,  t  spermatozoids.  B  Branch  of  a  Bulhoclutttf  with 
one  oogonium  still  containing  an  oospore,  another  in  the 
act  of  allowing  it  to  escape  ;  in  the  lower  part  an  empty 
oogonium.  F  The  fonr  soospores  formed  from  an  oospore. 
Q  Zoospore  come  to  rest.    (After  Pringsheim.) 
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The  sexual  organs,  oogonia  and  antheridia,  are  differentiated,  especially  in 
the  more  distinctly  filamentous  forms.  In  the  filamentous  forms  {e.g.  C,  jnd- 
vinata^  Fig.  179)  the  oogonia  and  antheridia  are  borne  at  the  ends  of  the 
branches ;  the  terminal  cell  of  a  branch  enlarges  to  form  an  oogonium,  be- 
coming spherical,  and  growing  out  into  a  long  filament,  th^  trichogyne ;  the 
antheridia  are  developed  as  small  flask- shaped  cells  from  the  terminal  cells  of 
a  filament.  In  the  discoid  forms  {e,g.  C.  scutata),  the  oogonia  and  antheridia 
are  not  terminal ;  the  oogonium  is  simply  an  enlarged  spherical  cell  and  has  no 
trichogyne  ;  the  antheridium  is  simply  a  small  cell  formed,  in  a  group  of  foar, 
by  the  division  of  one  of  the  vegetative  cells. 

A  single  oosphere  is  formed  in  each  oogonium,  and  a  single  spermatozoid  in 
each  antheridium.    The  spermatozoids,  on  being  set  free,  find  their  way  to  the 


Fio.  179.— Col«oc^<rt#pttl«fnoto(x850:  after  Pringsheim).  A  Part  of  an  actual  gameto- 
pbyte  bearing  oogonia  og  (with  tricbogynes  tr)  and  antheridia  an ;  h  hairs.  B  portion  of  a 
plant  in  which  a  malticellolar  sporophyte  has  been  developed  in  each  fertilised  oogonium. 
C  an  isolated  sporophyte  the  investment  of  which  is  ruptured  prior  to  the  setting  fred  of 
Boospores. 


oogonia,  and,  entering  by  an  opening  in  the  wall  (in  the  trichogyne  when  it  is 
present),  reach  the  oospheres  and  fertilise  them. 

The  effect  of  fertilisation  is  not  only  to  cause  the  oosphere  to  become  an 
oospore  by  clothing  itself  witti  a  proper  wall,  but  also  to  cause  the  neighbouring 
cells  to  grow  round  the  oogonium  and  form  a  compact  cellular  investment  for 
it.  Surrounded  by  this  investment,  the  oospore  falls  to  the  bottom  of  the 
water,  as  the  plant  dies  down,  and  undergoes  a  period  of  quiescence.  On  ger- 
mination it  grows,  splitting  the  investment,  and  divides  to  form  a  small  multi- 
cellular body,  the  sporophyte,  the  existence  of  which  shortly  comes  to  an  end 
by  the  escape  of  the  whole  of  the  protoplasmic  contents  of  all  the  cells  as 
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■oospores,  one  £rom  each  cell,  which  resemble  the  zoogonidia,  and  germinate  in 
A  Bimilar  manner  to  form  a  (potential  or  actual)  gametophyte. 

Series  V.  Cbaboidxjb.  The  forms  included  in  this  series  oonstitnte  but  a 
single  order,  the  Gharaces. 

Order  L  Characea.  The  stem  is  distinctly  segmented  into  nodes  and 
iutemodes,  the  nodes  being  marked  by  the  whorls  of  leaves  which  they  bear. 
It  consists  of  a  longitudinal  series  of  elongated  cylindrical  cells,  each  of  which 
eoDstitates  an  intemode,  separated  from  each  other  by  transverse  plates  of 
small  cells  which  are  the  nodes.  In  Chara  there  is,  in  addition,  a  cortex  con- 
sisting of  rows  of  oells,  sometimes  spirally  twisted,  produced  by  a  growth  of  the 
peripheral  oells  of  each  node,  both  upwards  and  downwards,  over  the  inter- 
nodes  above  and  below  it. 

All  the  cells  contain  small  discoid  cbloroplastids  which  lie  imbedded  in  the 
protoplasm  immediately  beneath  the  cell-wall.  The  more  internal  portion  of 
the  protoplasmic  layer  shows  the  movement  known  as  eyelosii ;  the  central 
portion  of  the  cell-cavity,  when  the  cell  is  fully  grown,  is  occupied  by  a  large 
Tseoole  filled  with  cell-sap. 
Each  cell  contains  a  single  nu- 
cleus when  young ;  but  the  long 
ioteroodal  cells,  when  old,  are 
foond  to  contain  many  nuclei 
produced  by  the  fragmentation 
of  the  original  nucleus. 

The  growth  in  length  of  the 
stem  is  unlimited,  and  is 
effected  by  means  of  a  hemi- 
sphetical  apical  cell  (Pig.  180). 
This  cell  undergoes  repeated 
division,  a  series  of  segments 
being  cut  off  by  transverse 
walls;  after  a  segment  has 
been  cut  off,  the  apical  cell  re- 
gains its  normal  size  by  growth, 
then  another  segment  is  cut  off, 
followed  by  renewed  growth, 
and  so  on.  Each  segment  is  immediately  divided  into  two  cells  by  a  transverse 
vail;  of  these  two  cells  the  upper,  in  all  cases,  becomes  a  node,  dividing  by 
▼ertical  walls  into  the  small  cells,  central  and  peripheral,  of  which  the  node 
consists;  the  lower,  in  all  cases,  becomes  an  internode ;  it  does  not  divide,  but 
simply  grows  in  length.  In  Chara  the  young  peripheral  nodal  cells  keep  pace 
with  the  growth  of  the  internodal  cells,  forming  the  cortex  over  them. 

The  leaves  and  branches  of  the  stem  are  all  developed  from  the  cells  of  the 
nodes ;  the  leaves  spring  in  a  whorl,  one  from  each  of  the  peripheral  cells  of 
the  node,  and  the  branches  are  developed  as  buds  in  the  axils  of  one  or  more 

of  the  lesTes  of  each  whorl. 
The  mode  of  growth  and  general  morphology  of  the  leaf  is  essentially  the 

same  as  that  of  the  main  stem  or  one  of  its  branches ;  it  grows  by  means  of  an 

apical  cell  resembling  that  of  the  stem,  and  from  the  segments  are  formed 


Fio.  180.— Diagram  of  growing-point  of  stem  of 
Chara  fragilu  (  x  600,  after  Sachs) :  a  apical  cell ; 
«  segment  lately  cut  off;  n)  n*  n*  Buccessive  nodes ; 
in^  in*  in'  successive  intemodes ;  I  leaves ;  o  cortical 
cells  growinsf  down  over  in  from  n*. 
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nodes  and  intemodes  in  regular  saccession ;  from  the  nodal  cells  of  the  leaf 
arise  whorls  of  leaf-branches  or  leaflets.  The  only  f andamental  difference  h^ 
tween  the  leaf  and  the  stem  of  the  Gharaceie  is  that«  whereas  the  apical  growth 
of  the  latter  is  unlimited,  that  of  the  former  is  limited ;  the  apical  cell  of  the 
leaf  at  length  ceases  to  divide,  assuming  a  somewhat  cylindrical  form  with  a 
pointed  tip. 

The  roots,  with  the  exception  of  the  first  root  of  the  embryo,  are  all  adventi- 
tious, being  developed  from  the  lower  nodal  cells  of  the  stem.  They  are 
simpler  in  structure  than  the  stem  or  leaf,  each  consisting  of  a  colourless  fila- 
ment of  long,  narrow  cells ;  the  growth  is  apical,  though  the  apical  cell  is  not 
specially  differentiated  as  in  the  stem ;  the  cells  of  the  root  are  connected  in  a 
peculiar  manner,  the  contiguous  ends  of  the  two  cells  having  each  somewhat 
the  shape  of  the  sole  of  a  human  foot ;  root-branches  are  developed  from  that 
portion  of  the  cell,  just  above  the  articulation,  which  corresponds  to  the  heel  of 
the  foot. 

The  sexual  organs  (Fig.  181)  are  in  all  cases  borne  on  the  leaves :  the  an- 
theridium  is  developed  from  the  terminal  cell  of  a  leaf  or  of  a  leaflet ;  the 
oogonium  replaces  a  leaflet.    The  plant  may  be  either  moncecious  or  dioecious. 

The  antheridium  is  a  spherical  body,  of  a  green  colour  when  young,  but 
orange  when  mature,  borne  on  a  stalk.  Its  wall  consists  of  eight  cells,  each  of 
which  is  termed  a  shieldt  presenting  marginal  infoldiuga  of  the  wall ;  the  wall  of 
the  upper  half  of  the  antheridium  consists  of  four  triangular  shields ;  that  of 
the  lower  half  consists  likewise  of  four  triangular  shields,  each  of  which  has 
its  lower  angle  truncated  to  admit  of  the  passage  of  the  stalk-cell.  On  the 
inner  surface  of  each  shield,  at  its  centre,  is  attached  a  cylindrical  cell,  the 
manubrium^  which  extends  to  near  the  centre  of  the  antheridium.  Each  manu- 
brium bears  at  its  inner  end  a  somewhat  spherical  cell,  the  capUulum.  To 
each  capitulum  are  attached  usually  six  rounded  cells,  the  secondary  eapitula. 
Connected  with  each  secondary  capitulum  are  two  cells  each  of  which  bears  a 
pair  of  long  filaments,  each  filament  consisting  of  about  two  hundred  cells. 
The  cells  of  the  filaments  are  the  mother-cells  of  the  spermatozoids,  each  cell 
giving  rise  to  a  single  spermatozoid. 

The  male  cell  or  spermatozoid  consists  of  a  club-shaped  spirally- wound  mass 
of  protoplasm  bearing  two  long  cilia  at  its  pointed  anterior  end  (see  p.  116). 
When  the  antheridium  is  mature  the  shields  separate,  the  spermatozoids  are 
set  free  from  their  mother-cells  and  escape  into  the  water. 

The  oogonium  is  the  enlarged  terminal  cell  of  the  leaflet  which  it  represents. 
Beneath  the  oogonium  proper  is  a  node,  the  central  cell  of  which  constitutes 
the  stalk-cell  of  the  oogonium,  whilst  the  five  peripheral  cells  of  the  node  grow 
out  into  filaments  which  gradually  become  spirally  twisted  and  enclose  the 
oogonium  ;  the  tips  of  these  filaments  project  at  the  free  end  of  the  oogonium, 
constituting  the  eroton  or  corona^  and  are  cut  off  from  the  rest  of  the  filaments 
either  by  one  transverse  wall,  so  that  the  crown  consists  of  five  cells  as  in  the 
CharesB,  or  by  two  transverse  walls,  so  that  the  crown  consists  of  ten  cells  as  in 
the  Nitellete. 

Each  oogonium  contains  a  single  oosphere,  a  nucleated  mass  of  protoplasm 
containing  starch-granules,  with  a  well-marked  clear  area,  the  receptive  spot,  at 
tbe  apical  end.    Just  previously  to  fertilisation  one  or  more  cells  (wendnngs- 
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zelleo)  are  cat  off  from  the  basal  portion  of  the  oosphere  by  the  formation  of 
cell- walls ;  these  cells  are  probably  to  be  regarded  as  polar  bodies. 

At  the  time  of  fertilisation,  the  cells  of  the  crown  separate  so  as  to  form  a 
chsimel  leading  to  the  apex  of  the  oogonium.    The  wall  of  the  oogonium  is  not 


Pio.  ISl.—CKarafngQU,  reprodactiTe  organs  (after  Strasbnrger).  A  Median  longitudinal 
aection  fchroogh  a  leaf  (gametophyll)  r,  and  the  sexual  organs  which  it  bears ;  a  antheri- 
dlam,  borne  on  a  nodal  cell  na  by  the  stalk-cell  p;  m  the  manubria ;  6b  an  oogonium, 
born«  on  a  nodal  cell  no  and  an  intemodal  stalk-cell  po;  «  wendungsselle;  c  corona  (all 
x90)l  JBspermatozoids  (xMO). 

raptured,  but  it  becomes  mucilaginous.    The  spermatozoids  enter  the  channel 
fmd  read)  the  apex  of  the  oogonium ;  one  of  them  makes  its  way  through  the 
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mucilaginonB  oell-wall,  and,  entering  the  oosphere  at  the  reoeptire  spot,  ferti- 
lises it. 

After  fertilisation,  the  oosphere  becomes  an  oospore,  surronnding  itself  with 
a  proper  wall.  The  more  internal  walls  of  the  investing  filaments  become 
thickened,  and  assnme  a  dark  brown  colour.  The  whole  organ  falls  off  and 
undergoes  a  period  of  quiescence. 

On  germination,  a  planoconvex  mass  of  clear  protoplasm  collects  at  the  apical 
end  of  the  oospore,  the  starch -granules  being  aggregated  in  the  posterior  part 
of  the  oospore ;  a  transverse  wall  is  then  formed,  separating  these  two  parts 
from  each  other.  The  smaller  cell  then  divides  into  two  by  a  wall  at  right  augles 
to  the  first,  and  from  these  two  cells  the  embryo  is  developed.  The  hard  invest- 
ment of  the  oospore  is  ruptured  at  the  apex,  and  the  two  cells  grow  out  as  fila- 
ments, the  upper  forming  the  shoot,  the  lower  the  root,  of  the  embryo  (Fig.  182). 
The  root-cell  may  at  once  elongate  into  a  colourless  multicellular  filamentous 

root,  or  it  may  divide  so  as  to  form 
a  primary  root  and  two  lateral  xoots. 
The  shoot-cell,  which  contains  chloro- 
plastids,  undergoes  transverse  divi- 
sion to  form  a  filament  consisting  of 
a  small  number  of  cells.  The  lowest 
cell,  as  well  as  the  upper  cells,  un- 
dergo no  further  division  but  simply 
elongate.  The  cell  next  above  the 
lowest  cell,  the  intermediate  eell^  is 
divided  by  two  transverse  walls 
forming  a  short  cell  at  each  end  with 
a  long  cylindrical  cell  between  them ; 
each  of  these  short  cells  undergoes 
division  to  form  a  node,  whilst  the 
long  cell  remains  undivided  and  con- 
stitutes an  intemode.  The  peri- 
pheral cells  of  tlie  lower  node  grow 
out  into  adventitious  roots ;  those  of 
the  upper  node  give  rise  to  leaves, 
forming  the  only  whorl  of  the  em- 
br}'o,  except  one  cell  which  becomes  the  apical  cell  of  the  stem  of  the  adult 
plant,  and,  by  its  growth  anddivision,  gives  rise  to  it  (Fig.  183). 

Tiie  embryogeny  of  the  CbaroceoB  is  in  the  first  place  meroblastic  (see  p.  1%), 
that  is,  the  embryo  is  developed  from  a  part  only  of  the  oospore.  The  larger 
posterior  part  of  the  oospore  takes  no  share  in  the  formation  of  the  embryo,  but 
serves  to  supply  the  embryo  with  the  nutrient  material  neces»<ary  for  the  earlier 
stages  of  its  development.  Moreover  it  is  heteroblastic,  an  embryonic  form  inter- 
vening between  the  oospore  and  the  adult.  The  life-history  presents  no  alter- 
nation of  generations. 

Parthenogenesis  has  been  observed  in  Chara  crinita  ;  the  oosphere  of  this 
plant  germinates  without  fertilisation. 

The  Characeie  are  extensively  propagated  in  a  vegetative  manner.  The  roots 
sometimes  develope  into  small  spherical  unicellular  bulbils  filled  with  starch : 


Fie.  182.— Meroblastic  development  of  the 
embryo  from  the  oospore  of  Tolypella  mtri- 
ca(a  (>c90:  after  De  Bary) }  «  embryonic 
shoot ;  r  embryonic  root. 
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in  other  eases  the  peripheral  oells  of  subterranean  nodes,  instead  of  giving  rise 
to  lesTes,  grow  out  into  small  cellular  appendages  which  become  filled  with 
etareh,  and  are  known  as  starch^tan.  When  the  plant  has  died  down  in  the 
winter,  these  bulbils  and  starch-stars  persist,  and,  in  the  following  spring  give 
rise  to  new  plants.  Again,  instead  of  normal  branches,  the  plant  may  pro- 
dnoe  branches  of  peculiar  structure,  called  embryonic  branches  because  they 
resemble  the  embryo,  which  become  separate  and  grow  at  once  into  new  plants. 

The  Charaoeae  are  classified  as  follows : — 

Fam.  1.  NiuUea :  corona  consisting  of  ten 
edls ;  inclades  the  genera  Nitella,  Tolypella. 

Fam.  3.  dutrea :  corona  consisting  of  five 
oells;  inelndes  the  genera  Chara,  Lampro- 
thamnas,  Lyenothamnns,  Tolypellopsis. 

The  stem  and  leaTce  of  the  Nitelleas  ha^e 
no  cortex ;  those  of  most  of  the  Chares  have 
cortex.  .They  all  inhabit  fresh  or  brackish 
water. 

Sab-Class  III.  PHiEOPHTCEJE, or 
Brown  Algsa.  The  body  may  consist 
of  a  single  cell  (e.g,  Diatomacese, 
SyngeiieticflB))  but  is  generally  mnlti- 
cellular ;  it  is  never  coenocy tic.  When 
nmlticellnlar,  it  presents  varions  de- 
grees of  morphological  differentiation, 
being  nsnally  differentiated  into  shoot 
and  root,  and  in  some  cases  (e.g. 
Cladostephns,  Sargassnm)  into  stem, 
root,  and  leaf. 

Vegetative  multiplication  is  com- 
mon in  the  unicellular  forms,  in  which 
it  is  effected  by  division  ^  in  a  few 
forms  (e.g.  Choristocarpns,  species  of 
Spbacelaria)  it  is  effected  by  means 
of  gemms. 

The  life-history  of  most  of  the  members  of  this  sub-class  is  but 
imperfectly  known.  In  some  cases  it  certainly  does  not  present 
an  alternation  of  generations,  on  account  of  the  absence  either  of 
•sexual  reproduction  (FucacesD)  or  of  sexual  reproduction  (Syn- 
geneticse).  In  other  cases,  again,  both  sexual  and  asexual  repro- 
duction are  known  (e.^.  some  Ectocarpacece),  but  since  the  two 
kinds  of  reproductive  organs  are  borne  on  the  same  individual, 
either  simaltaneously  or  at  different  times,  no  alternation  of  gener- 
ations can  be  traced.     In  yet  others,  distinct  sexual  and  asexual 
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Via.   183.- 
Pringsbeim : 
embryogeny ; 
■hoot  of  the 


CKara  fragtllt  (after 
X  4).  Heteroblaat^o 
Of  apical  portion  of 
embryo;    r  priniHry 


root  of  embryo,  uprlnging  from  the 
oospore;  or  adrentitiotu  roots;  t 
leaves,  amongst  which  lies  the  grow, 
ing- point  of  the  adult  shoot;  i 
intermediate  cell. 
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forms  are  known,  bat  it  is  not  clear  whether  the  asexual  torms  are 
sporophytes  or  are  merely  potential  gametophjtes :  in  the  Cut- 
leriace8B,  however,  it  is  highly  probable  that  the  asexnal  form  is 
really  a  sporophy te,  and  this  view  may,'  for  the  present,  be  ex- 
tended to  the  other  more  donbtfal  cases. 

In  all  but  the  lowest  foims  there  is  a  distinction  between  re- 
productive and  vegetative  cells,  the  former  developing  into  more 
or  less  highly  differentiated  reproductive  organs. 

Asexnal  reproduction  is  effected  by  means  of  spores  (or  possibly 
gonidia),  either  zoospores  (as  in  SyngeneticsB  and  Phsdosporese)  or 
non-motile  spores  (as  in  Tilopteridaceas  and  Dictyotacess).  The 
spores  are  developed  either  singly,  or  more  commonly  several  to- 
gether, in  unicellular  (and  also  necessarily  unilocular)  sporangia. 

Sexual  reproduction  is  either  isogamous  or  oogamous :  when 
isogamons,  it  may  be  effected  by  aplanogametes  (Diatomadess), 
but  more  commonly  by  planogametes  (PhsDosporesB)  which  usually 
resemble  each  other ;  but  in  some  cases  (e,g.  species  of  Ectocarpus, 
Cutleriacess)  they  are  of  two  kinds,  differing  in  size  and  in  the 
duration  of  their  movement,  the  one  which  is  smaller  and  more 
active  being  the  male :  when  oogamous,  it  is  effected  by  means  of 
spermatozoids  and  oospheres,  and  is  peculiar  in  that  the  oospheres; 
though  not  ciliated,  are  extruded  from  the  female  organ  before 
fertilisation  takes  place.  The  gametophytes  may  be  monoecious 
or  dioecious.  The  sexaal  organs,  in  the  isogamous  forms,  are 
gametangia,  sometimes  unicellular  (Diatomaccse)  but  more  com- 
monly multicellular  (Phsaosporeoe)  ;  in  the  latter  case  each  cell  of 
the  gametangium  gives  rise  either  to  a  single  planogamete  or 
to  several :  they  are  in  most  cases  all  alike,  though  some  (e.g.  in 
species  of  Ectocarpus,  Cutleriacc(e)  consist  of  smaller  and  more 
numerous  cells  than  the  others  and  give  rise  to  the  smaller 
planogametes.  In  the  oogamous  forms,  the  oogonium  is  unicel- 
lular, giving  rise  to  one  or  more  (2-8)  oospheres :  the  antheri- 
dium  is  multicellular  in  the  Tilopteridacese  and  Dictyotaceie,  but 
unicellular  in  the  Fucaceae ;  in  the  former  case  each  cell  g^ves  rise 
to  a  single  spermatozoid,  in  the  latter  several  spermatozoids  are 
developed  in  the  one  cell. 

Of  the  motile  reproductive  cells  of  this  sub-class,  the  zoospores 
(or  zoogonidia)  and  the  planogametes  contain  chromatophoreb, 
and  have  two  cilia  inserted  laterally ;  the  spermatozoids,  however, 
have  no  chromatophores,  nor  have  the  smaller  planogametes  in 
those  cases  in  which  the  conjugating  planogametes  differ  in  size  *, 
the  oosphere  has  no  receptive  spot. 
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Tbe  PluBophyoee  nmy  be  classified  as  follows : — 
UnieeUMlar  Fomu : 
Order  L  Sjngeneties ;  no  seznal  reproduction. 

Order  2.  Diatomacets :  sezoal  reprodnetion  isogamons  by  aplanogametes. 
MuUieeUular  Forms : 

Series  (a)  Phieospores :  sexual  reproduction  isogamous  by  planogimetes ; 
asexual  by  zoospores  (in  some  cases  by  zoogonidia). 
Order  3.  Ectocarpaces :  including  the  families, 

Ectocarpea  (Eotocarpos,  Pylaiella,  Streblonema,  etc). 
ChoristocarpesB  (Choristocarpus,  Disoosporangiom). 
MyriotriohesB  (Hyrotrichia). 
MyrionemesB  (Myrionema,  Microspongium,  etc.). 
ElachisteiB  (Elachista,  Qiraudia,  etc.). 
Desmarestie»  (Desmarestia,  Arthrocladia). 
SpermatochnesB  (Spermatoehnus). 

8phacelarie»  (Spbacelaria,  Stypocaulon,  Ghastopteris,  Clado- 
sfcephus,  etc). 
Order  4.  Eucoeliacett ;  including  the  families, 

Mesogloee®  (Chordaria,  Mesoglcea,  Gastagnea,  etc.). 

Sporoehneaa  (Sporochnus,  Garpomitra). 

Striarieas  (Striaria,  Stiotyosiphon,  etc.). 

StilophoresB  (Stilophora). 

Dictyosiphones  (Dictyosiphon,  etc.). 

ScytosiphonesB  (Scytosiphon,  Golpomenia,  Phyllitis,  Abpero- 

coccus.) 
PunctarieiB  (Panctaria,  etc.). 
Order  5.  LaminariaceaB  (Laminaria,  Alaria,  Ghorda,  etc.). 
Order  6.  Gutleriaceas  (Gutleria,  Zanardinia). 

Series  {b)  Phsogams:  sexual  reproduction  oogamous;  asexual,  wanting, 
or  by  non-motile  spores :  no  gonidia. 
Order  7.  Tilopteridaces. 
Orders.  DictyotaoeaB. 
Order  9.  Fncaoeas. 

Order  1.  SyngeneticsB.  Body  unicellular,  the  cells  being  held  together  by 
madlage,  forming  a  oolony.  Beproduction  by  division,  and  by  asexually  pro- 
inced  spores. 

^Hiis  order  includes  two  genera,  Hydrurus  and  Ghromopbyton ;  in  the  former 
the  colony  consists  of  many  cells  and  is  attached,  in  the  latter  it  consists  of 
eijht  eells  and  is  unattached. 

In  Hydrurus,  each  cell  is  an  ellipsoidal  mass  of  protoplasm,  enclosing  a 
QQcleoa,  one  or  two  contractile  vacuoles,  and  one  or  two  chromatophores  in  the 
form  ol  a  plate  or  ribbon  each  containing  a  pyrenoid.  The  cells  multiply  by 
^^OQ.  Asexual  reproduction  is  effected  by  means  of  zoospores,  formed  by 
(division  of  a  cell  into  two  or  four,  which  are  set  free  by  the  disorganisation  of 
the  uiTestuig  mucilage  and  move  by  means  of  a  single  cilium ;  these  come  to 
'^i  and  each  gives  rise  by  division  to  a  new  colony.  Also  by  means  of  rest* 
iug-tpores  formed  one  from  each  vegetative  cell. 

V.8.B.  S 
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The  Btraotnre  of  the  cells  of  Cliromopbyton,  and  its  modes  of  reproduction, 
axe  essentially  the  same  as  those  of  Hydrurus. 

The  SjngeneticaB  somewhat  resemble  the  palmelloid  Protoooccaces  among 
the  ChlorophyceiB,  and  may  be  regarded  as  the  corresponding  group  in  the 
PhflBophyceiB.  They  grow  only  in  fresh  water ;  Hydrurus  in  cold,  rapidly  running 
streams. 

Order  2.  Diatomaceae.  Unicellular  plants,  either  free,  or  connected  into 
filaments  or  masses  by  mucilage ;  sometimes  attached.  Beproduotion,  Tegeta- 
tive  by  division;  or  by  means  of  asezually  produced  spores;  or  sexual  isogamoos 
by  the  conjugation  of  aplanogametes.  The  cell-wall  is  impregnated  with  silica. 
Both  fresh- water  and  marine. 

The  DlatomaceiB  resemble  the  Desmidieie  in  many  respects ;  the  two  orders, 
are,  in  fact,  corresponding  forms  in  the  PhaeophycesB  and  the  Chlorophyces 
respectively;  but,  besides  their  colour,  the  Dia- 
toms differ  from  the  Desmids  in  the  presence  of 
silica  in  their  cell- wall. 

The  eel],  or  fruUuUj  as  it  is  called,  is  enclosed 
by  a  rigid  wall.  The  wall,  like  that  of  the  DesmidR, 
consists  of  two  halves,  called  valves,  of  different 
ages,  which  are  not  directly  continuous,  but  are 
)  elated  to  each  other  as  the  two  parts  of  a  pill- 
box, the  one  overlapping  the  other  (Fig.  184). 
The  cell- contents  consist  of  a  more  or  less  vacuo- 
lated mass  of  protoplasm,  which  forms  a  layer  in 
close  contact  with  the  inner  surface  of  the  cell- 
wall  ;  in  this  there  is  a  nucleus,  sometimes  pari- 
etal sometimes  central,  and  chromatophores 
which  may  be  very  numerous  and  small,  or  few  in 
number  (sometimes  only  one)  in  the  form  of  re- 
latively large  plates. 

Vegetative  multiplication  by  division  takes  place 
by  the  division  of  the  protoplasm  into  two  cells ; 
each  of  these  cells  has  one  of  the  two  valves  of  the 
parent  frustule  on  one  side  of  it ;  it  then  secretes 
a  new  valve  on  its  naked  side,  which  is  smaller 
than  the  older  valve  and  fits  inside  its  rim ;  thos  two  new  individuals  are 
formed. 

It  will  be  noted  that  this  process  of  multiplication  is  accompanied  by  a  de- 
crease in  size ;  and,  were  it  repeated  indefinitely,  the  cells  would  become  very 
small.  This  process  of  diminution  is  interrupted  by  the  formation  of  (Uixo- 
ipureSf  either  asexually  or  sexually.  In  the  former  case  tbe  protoplasmic  con- 
tents of  a  cell  escape  from  the  separated  valves,  as  an  auxospore,  which,  after 
growing  considerably,  secretes  two  new  valves  forming  a  new  and  larger  frustule. 
In  the  latter  case,  two  naked  cells  which  have  thus  escaped,  conjugate  to  form 
an  auxospore  which  becomes  a  new  frustule.  This  process  of  conjugation 
differs,  however,  from  that  of  the  Desmidieie,  in  that  no  resting  zygospore  is 
formed,  but  simply  a  new  individual. 

Series  Phjeosporeje.    The  multicellular  body  is  attached ;  it  sometimes  con- 


Fio.  184.— Pinnularia,  8  Dia- 
tom {mtkg.  and  diag.) ;  a  lateral 
view,  Bhowing  the  mode  of 
connection  of  the  two  halves 
of  the  fmstule ;  <  snrf ace  view. 
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sisti  of  a  flattoned  dorsiTeotral  branched  fllameDt,  the  branches  of  which  are 
often  coherent  into  a  disc  trliich  adheres  to  the  substratum  by  the  ventral 
Burfifle  and  bears  vertical  shoots  on  its  dorsal  surface  {e.g.  Ectocarpus,  Mjrio- 
nema,  Pylaiella) ;  the  body  is  frequently  more  or  less  dearly  differentiated  into 
root  and  shoot,  and  in  some  oases  {e.g.  Cladostephus,  Chietopteris)  the  shoot  is 
differentiated  into  stem  and  leaf;  adventitious  roots  are  very  generally  de- 
veloped. 

The  body  presents  a  considerable  variety  of  structure.  In  the  simplest  forms 
{e,g.  Eotoearpus,  Pylaiella,  Choristocarpus,  etc.)  it  is  filamentous  and  branched, 
the  filament  consisting  of  a  single  row  of  cells  {monofiphonou*) ;  in  others  it  is 
fiUmentoos,  consisting  of  several  coherent  longitudinal  rows  of  cells  {poly- 
sipkonoui ;  e.g,  Qiraudia,  species  of  Sphaoelaria) ;  or  it  is  monosiphonons  and 
partly  or  completely  invested  by  a  secondary  parenchymatous  tissue  forming  a 
aort  of  cortex  {e.g.  Desmarestieie,  Spermatochous) :  or  it  is  polyslphonous 
with  a  cortex  {e.g,  Spkaeelarla  tcoparia,  Chietopteris,  Cladostephus) ;  or, 
fintlly,  it  consists  of  parenchymatous  tissue  frequently  differentiated  into  a  small- 
eelled  cortex  and  a  medulla  of  large  cells  elongated  parallel  to  the  long  axis  of 
the  plant  (e.g.  most  EncoBliaoeA,  Laminariaoeie) ;  the  body  frequently  becomes 
hollow,  a  central  cavity  being  formed  {e.g.  Asperococcus,  Soytosiphon,  Colpo- 
menia,  Striaria,  Chorda).  A  body  of  monosiphonons  or  polysiphonons  structure 
is  articulated  longitudioally  into  segments  corresponding  to  the  cells  which 
eoDstitate  the  filament  or  filaments ;  this  is  also  generally  the  case  when  such 
s  body  is  eortioated  {e.g.  ChaBtopteris,  Arthrocladia). 

Growth  in  length  may  be 
effected  without  a  definite 
growing-point,  all  the  ceUs 
beiog  merismatic  («.^.  gener- 
ally m  Ectocarpacen  and 
Eocceliacee),  in  which  case 
growth  is,  as  a  rule,  limited ; 
or  there  may  be  a  definite 
growing-point,  which  may 
be  apical,  with  an  apical  cell 
{e.g.  Spbacelariee,  Dictyo- 
siphon,  Spermatochnns) ;  or 
the  growing-point  may  be 
intercalary,  either  sub-ap!cal 
('^.  Cbordaria)  as  also  in 
Desmarestiaces  [(Fig.  160), 
Cutleriacee,  and  Sporoch- 
naoes  where  the  growth 
is  thcbothallic  (p.  223),  or 
more  or  less  basal,  {e.g. 
LaminariaceaB).  The  divi- 
sioQ  of  the  apical  cell,  or 
of  the  initial  cells,  of  the  growing-point  takes  place  only  in  one  plane,  the  trans- 
verse.  The  segments  thus  formed  undergo  division  either  only  transversely 
(inonotiphonous  forms),  or  longitudinally  (polysiphonons),  or  in  several  planes. 


Fio.  18e.— Longituilinal  section  through  three  inter, 
nodes  of  a  sexual  plant  of  Clado$l«phu»  V4rticiliaiu» : 
a  gametopbyll;  the  larger  appendages  are  foliage- 
leaves.  (x60{  after  Pringsheim.) 
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The  dporangia  (and  gonidangia)  are  in  all  cases  nnioellalar.  In  the  simple 
filamentoQs  forms  they  are  somewhat  enlarged  and  rounded  cells,  either  inter- 
calary in  position  {e.g.  Pylaiella),  or  terminal,  oocapying  the  place  of  a  lateral 
branch,  and  generally  sessile  {e,g.  Eotocarpas,  Choristooarpns,  Sphacelaria, 
etc.).  In  the  more  balky  thalloid  forms,  the  sporangia  may  be  merely  develop- 
ments of  single  superficial  cells  {e.g.  EnccBliaceas,  Laminariaceie)  scattered  singly 
or  in  groups  (sori)  over  the  whole  surface.  In  others  again  they  are  boroe 
as  lateral  branches  on  hair-like  outgrowths  from  the  superficial  ceUs  {e.g. 
Chordariaceie,  Sporochnaceas,  Stilophoraceie).  In  certain  cases,  where  the 
shoot  presents  differentiation  into  stem  and  leaf  {e.g,  Ghaetopteris,  Cladoete^ 


Fio.  186.— Fertile  leaves  of  CladotUphu*  vwticWaUu:  A  Bporophyll;  one  of  the  nni* 
cellular  sporan^a  baa  discharged  ita  soospores  with  a  maae  of  mucilage  ;  B  gatnetopbjU, 
bearing  the  multicellular  gametangia.    (x280:  after  Pringsheim.) 

phus),  the  sporangia  are  borne  on  specialised  leaves,  sporophylls  (Fig.  186 ;  see 
also  p.  78). 

The  gametangia  are  in  all  cases  multicellular,  each  cell  constituting  a  looulos 
which  gives  rise  to  one  or  more  planogametes.  In  their  distribution  and  general 
morphology  they  resemble  the  sporangia.  The  gametangia  of  any  one  species 
are,  as  a  rule,  all  exactly  alike,  but  in  some  few  coses  they  present  two  forms 
which  differ  in  the  size,  and  consequently  in  the  number,  of  their  constituent 
ceUs  {e  g.  Eetocarput  feiustratua  and  E.  $ecuiiduSf  CutleriacesB) ;   the  small- 
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eelldd  gameiangia  are  considered  to  be  the  male,  and  the  large-oelled  the 
female  organs.    The  plants  may  be  monoeoioos  or  dioBcioas  (Gatleria). 

The  zoospores  and  the  planogametes  are  generally  all  very  mach  alike  :  in 
Gatleria,  however,  and  in  those  species  of  Ectooarpas  which  have  two  kinds  of 
gsmetangia,  the  one  kind  of  planogamete  (female)  is  considerably  larger  than 
the  other  (male),  and  has  a  shorter  period  of  motility ;  the  smaller  planoga- 
metes are  developed  in  the  small-celled  gametangia.  A  sexual  process  has  been 
obeerved  in  hot  few  cases  {Ectoearpiu  tiliculofut,  Scyto»iphon  Unaentarim, 
Gatleria).  In  the  two  former  the  planogametes  are  externally  similar,  but 
the  J  behave  differently  in  the  process  of  conjugation,  some  coming  to  rest 
earlier  than  others,  thus  indicating  that  they  are  female.  When  the  female 
planogamete  is  at  rest,  it  is  approached 
by  a  number  of  the  still  motile  male 
planogametes  (Fig.  187),  one  of  which 
foies  with  it.  In  Gatleria  the  larger 
planogamete  soon  comes  to  rest,  and  then 
one  of  the  smaller  planogametes  fuses 
with  it.  In  Eetoearpus  tilxculonu  it  has 
been  observed  that,  if  the  planogametes 
fail  to  conjugate,  they  are  capable  of 
germinating  independently;  in  Cutleria, 
alio,  the  unfertilised  female  planogamete 
has  been  observed  to  germinate  indepen- 
dently; these  interesting  cases  of  parthe- 
nogenesis indicate  the  incomplete  de- 
Telopment  of  sexuality  in  this  groap. 

Inasmuch  as  the  germination  of  the 
Eygospore  has  only  been  observed  in  the 
tia%  ol  Bctoearput  tiliculonu  and  of  the 
GatleriaceflB,  it  is  only  with  reference  to 
these  pknts  that  any  definite  statement 
can  be  made  as  to  the  life-history  obtain- 
ing in  this  group.  In  E,  tiliculotut  the 
ijgospore  gives  rise  to  a  plant  which  re- 
sembles its  parents,  so  that  here  there  is 
no  indication  of  an  alternation  of  genera- 
tions. In  the  Cutleriacea,  on  the  other 
band,  the  zygospore  gives  rise  to  an 
axexnal  form  which  is  probably  a  true 
iporophyte;  in  the  one  genus,  Zanar- 
dinia,  this  asexutl  form  closely  resembles  the  sexual;  in  the  other  genus, 
Gatleria,  the  asexual  form  is  very  different  from  the  sexual  in  appearaoce,  and 
bu  long  been  regarded  as  a  distinct  genus  under  the  name  Aglaozonia.  With 
regard  to  the  other  genera  of  the  group,  it  is  probable  that  in  those  forms 
(^.9.  many  Ectoc^rpaceae)  in  which  the  same  individual  bears  at  one  time 
Btxnal,  and  at  another,  asexual  organs,  there  is  no  alternation  of  generations ; 

^  farther,    that  in  those  forms  (e,g.  many  Sphacelarieie)   in  which  the 

^itial  and  the  sexual  organs  are  never  borne  by  the  same  individual,  there  is 


Fio.  187.  — Sexual  proc^M  in  F.e^(h 
carput  silieuIonM :  I  a-/,  female  plnno- 
Kamete  coming  to  restt  II  resting 
female  planogamete  suspended  from 
the  surface  of  the  water,  with  nameroais 
motile  male  planogametes  t  III  con- 
jngation  of  a  male  and  a  female 
planogamete.    (x790:  after  Berthold.) 
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an  alternation  of  generations*  the  asexaal  form  being  the  sporophyte.  It  is 
also  probable  that  in  the  case  of  those  forms  of  which  only  individnals  bearing 
either  asexual  {e.g,  Desmarestia,  Laminaria)  or  sexual  {e.g.  Scytosiphon, 
Phyllitis,  Colpomenia)  organs  are  known,  the  life-history  may  present  an  alter- 
nation of  generations. 

The  PhsBOsporesa  are  almost  exolosiyely  marine,  the  only  fresh- water  forms 
being  the  genns  Pleurocladia  (Ectooarpaceie)  and  two  species  of  the  genus 
Lithoderma.  The  size  of  the  plants  included  in  this  series  varies  widely,  from 
microscopic  EctocarpacesB  to  gigantic  tree-like  Laminariaceie,  such  as  Macro- 
cystis,  Nereocystis,  etc.,  which  may  attain  a  length  of  several  hundred  feet.  In 
some  of  theLaminarias.  which  have  cylindrical  stalk-like  region  in  their  thalloid 
shoot  (see  Fig.  159),  secondary  growth  in  thickness  takes  place  by  means  of  a 
merismatic  layer.  In  these  large  forms,  too,  the  conducting  tissue  is  sometimes 
so  far  developed  as  to  form  sieve-tubes  ;  though  no  woody  tissue  is  developed, 
nor  is  it  required  in  view  of  the  fact  that  these  plants  live  submerged. 

Series  Phjeooama.  The  orders  comprised  in  this  group  are  characterised  by 
the  oogamous  sexual  process,  by  the  absence  of  gonidia,  and  by  the  non- 
motile  spores ;  the  orders  may  be  conveniently  described  separately,  as  they  are 
well  defined. 

Order  8.  Tilopteridaceae.  Body  filamentous,  differentiated  into  shoot  and 
root;  the  shoot  is,  in  its  younger  parts,  mooosiphonous ;  in  its  older  parts 
polysiphonous,  but  without  cortex ;  growth  in  length  by  means  of  intercalary 
growing-points ;  lateral  members,  some  with  unlimited  growth  (branches),  some 
with  limited  growth ;  the  root  consists  of  a  single  row  of  cells,  and  its  growth  is 
intercalary,  without  any  special  growing-point ;  marine. 

The  asexual  and  sexual  reproductive  organs  are  borne  on  distinct  individuals. 
The  asexual  organs  are  terminal,  or  leRS  commonly  intercalary,  unicellular 
sporangia;  the  sexual  organs  are  unicellular  oogonia,  and  multicellular  an- 
theridia  (resembling  the  gametangia  of  the  Phieosporese),  and  are  intercalary 
The  sporangium  gives  rise  to  a  single  non-motile  spore,  which,  at  the  time 
it  is  set  free,  has  a  delicate  ceU-wall,  and  contains  four  nuclei.  The  oogonium 
(which  somewLat  resembles  the  sporangium  in  form)  gives  rise  to  a  single 
oosphere,  which,  when  it  leaves  the  oogonium,  has  no  cell-wall.  Each  cell 
of  the  antheridinm  gives  rise  to  a  single  spermatozoid,  oval  in  form,  vrith 
two  cilia.  Tne  sexual  process  and  the  germination  of  the  oospore  have  nut 
been  observed.  The  spore,  on  germination,  undergoes  repeated  division, 
forming  a  solid  multicellular  body,  from  which  a  long  root  grows  out ;  from 
the  multicellular  embryo  spring  the  adult  shoots. 

The  life-history  of  the  TilopteridaoesB  probably  presents  an  alternation  of 
generations,  the  form  bearing  the  asexual  organs  being  the  sporophyte:  for 
instance,  the  forms  known  as  Haplospora  and  Seaphospora  are  probably  the 
asexual  and  sexual  generations,  respectively,  of  the  same  plant,  a  Tilopteris. 

Order  9.  Dictyotacea.  Body  flattened,  ribbon  or  fan-shaped,  sometimes 
dichotomously  branched,  consisting  of  several  layers  of  parenchymatous  cells, 
with  a  well-marked  midrib  in  Dictyopteris,  differentiated  into  root  and  shoot ; 
growth  of  the  shoot  takes  place  in  Dictyota  by  means  of  a  single  apical  cell 
(see  Fig.  140),  in  the  other  forms  by  a  marginal  series  of  merismatic  ceils.  Both 
asexual  and  sexual  organs  are  known.    The  asexual  organs  are  unicellular 
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Bponngia,  borae  on  distinct  individaalfl ;  each  sporangiam  sets  free  foar 
spores  (tetraspores),  whiob  are  destitute  of  a  oell-wall  and  of  cilia.  The  sexual 
organs  are  unicellular  oogonia  and  multicellular  antberidia ;  the  oogooia  are 
generally  in  groups  (sori),  and  each  gives  rise  to  a  single  oosphere,  which  is  set 
free  as  a  naked  unciliated  cell ;  the  antberidia  are  always  in  groups  (sori),  and 
give  rise  to  a  large  number  of  small,  apparently  non-motile,  sperroatozoids, 
which  bare  no  cbromatophores.     The  process  of  fertilisation  has  not  been 


Fi«.  isa — PvLctu  vetieulotuif  about  half  nat.  size :  h  air-bladders;  /  fertile  brancb. 

observed.     The  male  and  female  organs  are  either  borne  on  the  same  plant 
{e.g.  Padina),  or  on  distinct  plants  (Dictyota,  Taonia). 

Tbe  tetraspores  and  the  oospores  germinate  alike.  The  spore  divides  into 
two  cells,  one  of  which  grows  out  into  the  filamentous  primary  root,  the  other 
grows  out  directly  into  the  shoot  in  Dictyota  and  Zonaria ;  but  in  Taoaia, 
PAdina,  and  Dictyopteris,  the  development  is  heteroblastic,  since  the  latter  cell 
gives  rise  to  a  ronnded  multicellular  embryo,  from  which  the  adult  shoot  grows 
oQt  as  a  branch.  In  the  embryonic  shoot  of  Taonia  and  Diotyopteris  there  is 
a  single  apical  cell,  but  eventually  it  gives  place  to  a  number  of  initial  cells. 
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It  is  extremely  probable  that  the  life-history  of  these  plants  presents  a 
definite  alternation  of  generations,  the  asezoal  form  being  the  sporophyte.  If 
this  be  so,  the  affinity  to  the  Bhodophycesd  which  is  suggested  by  the  similaritj 
of  four  spores  developed  in  the  sporangium  of  this  group  to  the  *'  tetraspoies*'  ot 


Fie.  189.~SectIon  of  a  female  eonceptaele,  with  siirroiuiding  ttstne,  cf  Fueut  wtieulosv*, 
(x50:  after  Tlmrek) 


Fie.  190.— PuciM  vetieulotuti.  a  Pampby^fs,  ftrom  male  conceptao'e,  hearing  antheridia; 
b  an  oogonium  with  parapbyres ;  e  process  of  fertilisation,  the  extraded  oosphere  sor* 
roanded  by  spermatosoids ;  d  developing  embryo.    ( x  160 :  after  Thnret.) 
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Pio.  191.— J  Eight  oospheres  extruded  from  the  oofpniam,  sarroiindeil  b>  i..e  i.iuur  luyer 
of  the  oell-waU:  B  contents  of  an  nntheridiom  set  free,  surrounded  by  a  lajer  of  the  cell- 
wmll :  Caatheridinm :  D  section  of  contents  of  an  oogoiiium  showing  the  divisions  accom- 
panying the  development  of  the  oospheres :  E  oospheres  set  free  in  consequence  of  the 
ruptore  of  the  layer  of  cell-wall  by  which  they  were  surrounded  when  first  extruded  i  F 
•ud  R  oospheres,  with  spermatozoids :  Q  sperroatozoids.  A-F  Pi»cu<  platycarpvc;  QH, 
F.t«ncKlM««.    (Cand  O  x  640;  other  figs,  x  MO:  after  Strssbnrger.) 
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tbe  Rhodophyceae,  becomes  altogether  illasory ;  for  in  the  Dictjotaces  tbew 
Bpores  are  developed  on  tbe  sporophyte,  whilst  the  *'  tetraspores  *'  of  the 
KbodopbycefB  are  gonidia  developed  by  the  gametopbyte.    All  marine. 

Order  10.  FucacesB.  Body  differentiated  into  root  and  shoot ;  shoot  nsaally 
thalloid,  either  cylindrical  or  flattened ;  differentiated  into  stem  and  leaves  in 
Sargassom ;  growth  in  length  by  a  single  apical  cell ;  branching  generally 
diohotomous.  No  asexual  production  of  gonidia  or  of  spores,  and  therefore  no 
altemntion  of  generations.  Sexual  organs,  unicellular  antberidia  and  oogonia  ; 
spermatozoids,  ciliated,  formed  several  together  in  the  autberidium ;  oospheres, 
set  free  but  not  ciliated ;  one  (Pycnophycus,  Himanthalia,  Halidrys,  Sargassum, 
Cystoseira),  two  (Pelvetia),  four  (Ascopbyllum),  or  eight  (Fuous)  formed  in  each 
oogonium.    Marine. 

The  body  consists  of  what  may  be  termed  cortical  and  medullary  tissue. 
The  cortical  tissue  consists  of  closely-packed  parenchymatous  cells,  the  ex- 
ternal layer  of  which,  the  limiting  layer^  is  for  a  time  merismatic,  and  plays  an 
important  part  in  the  growth  of  the  body.  The  medullary  tissue  consists  of 
filamentous  rows  of  cells  tbe  walls  of  which  are  mucilaginous  and  much 
swollen.  The  cortex  is  essentially  the  assimilatory  tissue  and  the  medulla  the 
conducting  tissue. 

In  some  genera  {e,g,  Fucua  vetieuloiusy  Ascophyllum,  Halidrys,  Cystoseira, 
Sargassum)  there  are  large  intercellular  spaces,  filled  with  air,  which  project  on 

the  surface,  and  are  known  as 
air-bladders ;  they  serve  as 
floats.  In  Halidrrs  and  Sar- 
gassam  the  air-bladders  are 
borne  on  special  branches. 

The  sexual  organs  are  in 
all  cases  borne  in  depressions 
of  the  surface  known  as  con- 
eeptades  (Fig.  189.)  Tbe 
conceptacles  are  commonly 
confined  to  special  portions  of 
the  thallus ;  either  to  the  tips 
of  the  branches  {e.g.  Fucus, 
Cjstoseira)  or  to  special 
branches,  the  gametophores 
(e.g.  Himantlialia,  Ascophyl- 
lum, Sargassum).  From  the 
inner  surface  of  the  concep- 
tacle  there  arise  a  number 
of  hnirs  (pnraphyset)  among 
which  the  sexual  organs  are 
borne.  The  oogonia  (Fig.  IIK)) 
are  nearly  spherical,  and  arc 
b3me  on  a  short  stalk  con- 
sisting of  a  single  cell  ;  the 
antheridia  (Fig.  190)  are  the  lateral  branches  of  some  of  the  hairs.  The  plants 
may  be  monoecious  {e.g,  Fucut  platycarpns,  tialidrjs,  Felvetia,  Cystoseira, 


Fio.  192.  —  H'lmanthalla  lorfa  (mncb  rednr«<l). 
Vegetative  pan  of  body ;  h  branched  Kametophore. 
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SargMsam),  or  dicBcious  {e.g,  Himanthalia,  Ascophyllnm,  Pueut  vesiculosui  and 
gtrratug) ;  in  the  former  case  each  conceptade  contains  both  antberidia  and 
oogonia. 

The  oospore,  which  is  the  product  of  the  fertilisation  of  an  oosphere,  germin- 
ates without  any  period  of  qoiescence.  It  first  becomes  somewhat  pear-shaped ; 
it  ii  then  divided  into*  two  by  a  transYerse  wall ;  the  more  pointed  of  the  two 
cells  forms  the  primary  root,  whilst  the  other  gives  rise  to  the  shoot  (Fig  190  d.) 

Snb-Clasfl  IV.  Rhodophycej:  or  Red  Alg89.  Multicellular 
plants;  body,  generally  differentiated  into  shoot  and  root;  shoot, 
sometimes  differentiated  into  stem  and  leaf;  flattened  or  fila> 
men  tons ;  when  filamentous,  consisting  of  a  single  longitudinal 
row  of  cells  (monosiphonous)  or  of  several  rows  (polysiphonous) 
with  or  without  a  small- celled  cortex ;  the  filamentous  forms  grow 
by  means  of  a  single  apical  cell  from  wbicH  segments  are  cut  ofP 
either  by  transverse  walls,  or  by  oblique  walls  alternately  right 
and  left ;  the  flattened  forms  grow  by  means  of  a  marginal  series 
of  initial  cells ;  but  in  the  Bangiaceaa  there  is  no  growing-point, 
all  the  cells  being  merismatic  :  branching,  generally  monopodial, 
bat  sometimes  sympodial  {e,g.  Plocamium,  Dasya)  :  adventitious 
roots  common. 

Vegetative  reproduction  by  gemmoe  (e.g.  Monospora,  Melobesia) 
is  rare. 

Reproduction  by  means  of  asexnally  produced  spores  occurs 
throughout  the  sub-class ;  the  sporophyte  (cystocarp)  always 
produces  spores  (carpoqfores)  ;  the  gametophyte  usually  produces 
gonidia  (usually  telragonidia)  except  in  the  LemaneaceaB  and  most 
HelminthocladiacesD ;  the  gonidia  are,  as  a  rule,  not  borne  on  indi- 
viduals which  produce  sexual  organs  (actual  gametophytes),  bnt 
on  distinct  individuals  (potential  gametophytes),  though  there  are 
exceptions  to  this  rule  {e.g.  Lomentaria  kaliformis,  Callithamnion 
corymhosum,  Polysiphonxa  variegata,  etc.). 

The  gonidia  are  produced  in  nnilocular  gonidangia,  either 
^^^S^Ji  OJ*  two  together,  or  sometimes  as  many  as  eight,  but  most 
commonly  in  fours ;  hence  they  are  generally  termed  telragonidia. 
Tbd  tetragonidia  may  be  formed  tetrahedrally  in  the  gonidangium  ; 
or  by  trans\i3r8e  divisions,  when  they  are  said  to  be  zonate ;  or  by 
two  divisions  at  right  angles  to  each  other,  when  they  are  said  to 
be  crvciate. 

The  arrangement  of  the  gonidangia  on  the  shoot  is  various.  In 
simple  monosiphonous  forms  (eg,  Callithamnion)  the  terminal 
cells  of  short  lateral  branches  become  gonidangia.     In  forms  of 
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more  complex  strnctnre  the  gonidangia  are  developed  internallv, 
within  the  superficial  layer  of  tissue.  The  gonidangia  maj  be 
scattered  over  the  surface  of  the  shoot,  or  collected  into  special 
receptacles  of  various  forms.  In  some  cases  (e.g.  some  Rhodome- 
lacesB,  such  as  Dasya,  Chondriopsis,  Polysiphonia)  the  gonidangia 
are  confined  to  certain  specially  modified  branches  (gonidiophores) 
which  are  termed  stichidia.  The  tetragonidia  are  set  free  as 
spherical  unciliated  cells  without  a  cell- wall. 

The  sexual  organs  are  antheridia  and  procarps;  they  arc 
usually  borne  by  distinct  individuals,  but  in  some  cases  on  the 
same  (e.g.  Grateloupia,  Halymenia,  Hala- 
rachnion,  Nemastoma,  Dudresnaya  eoc- 
cinea  and  purpurifera,  Olaeosiphcmia 
capillaris,  Helminthora  divaricata). 

The  antheridia  are  small  and  unicel- 
lular; in  the  simple  filamentous  forms 
they  occur  singly  or  in  groups  at  the 
ends  of  the  branches ;  in  others  of  more 
complex  structure,  they  are  produced  in 
special  receptacles  (e.g.  Corallinaceae)  ;  in 
the  flattened  parenchymatous  forms  they 
occur  in  groups  on  the  surface  ;  in  those 
forms  in  which  the  shoot  is  differentiated 
into  stem  and  leaf  (e.g.  some  Rhodome- 
lacesB  such  as  Polysiphonia  fastigiata  and 
nigrescenSj  Chmidriopsis  tenuissima)  the 
antheridia  are  confined  to  the  leaves,  the 
whole  or  part  of  the  leaf  being  specially 
modified  for  this  purpose.  The  male 
cells  (spermatia)  are  formed  singly  in  the 
antheridia,  and  are  set  free  as  small, 
spherical  or  oval,  unciliated  cells  desti- 
tute of  a  cell-wall ;  they  acquire  a  cell-wall  at  the  time  of  fertili- 
sation; they  contain  no  chromatophores,  except  in  Bangiaceae. 

The  procarp  presents  considerable  variety  of  form  and  structure. 
It  may  be  unicellular  (e.g.  BangiacesB,  Chanti*ansia»  Batracho- 
spermum,  Lemanea,  Nemalion),  or  multicellular,  as  is  more  com- 
monly the  case.  The  unicellular  procarp  consists  simply  of  a 
carpogonium  prolonged  (except,  perhaps,  in  Bangia)  into  a  filament 
termed  the  trichogyfie.  Various  descriptions  are  given  of  the 
structure  of  the  multicellular  procarp ;   however,  it  appears  to 


Pxo.  193.— Portion  of  a  branch 
of  Dotya  elegant,  bearing  a 
stichidium  (•),  with  tetragoni- 
dangia  (0;  t'  empty  tetrogonU 
dangiom.  (x  26:  after  Kuts- 
ing.) 
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consist  essentially  of  a  unicellnlarcarpogoniam  (with  a  tricliogjne) 
together  with  one  or  more  specially  differentiated  auxiliwry  cells. 
In  some  cases  (e.g.  Dudresnaya  eoccineOj  Sqnamariacead),  the  carpo- 
goninm  and  the  anxiliarj  cells  are  not  developed  in  the  same 
procarp,  bat  in  distinct  organs^ 

Whether  the  procarps  be  nnicellnlar  or  mnlticellnlar,  the  carpo- 
gonia  agree  in  that  the  trichogjne  remains  closed,  and  farther, 
in  that  the  protoplasm  of  the  carpogoniom  does  not  undergo  re- 
JQvenescence   to   form   a    distinct 
female  cell  (oosphere)  as  is  the 
case  in  the  oogamoas  Alg». 

The  carpogoninm  is  (except  in 
the  Bangiacese)  developed  from  the 
terminal  cell  of  a  lateral  appen- 
dage; in  some  cases  (e.g.  Pulysl- 
phonia  fasttgxaia  and  uigresceru)  the 
lateral  appendage  is  a  leaf,  the 
whole  or  part  of  which  goes  to 
form  the  procarp;  in  the  Coral- 
linaceae  the  procarps  are  aggre- 
gated in  receptacles. 

The  sexual  process  consists  in 
the  fnsion  of  the  protoplasmic  con- 
tents of  a  spermatinm  with  those 
of  a  trichogjne.  The  spermatinm 
is  brought  by  the  water  into  con- 
tact with  the  projecting  trichogyne 
to  which  it  adheres,  the  sperma- 
tiam  being  at  this  time  covered 
with  a  cell -wall ;  the  intervening 
cell-walls  are  absorbed  at  the 
point  of  contact,  and  the  proto- 
plasm of  the  spermatinm  enters 
the  trichogyne. 

The  product  of  fertilisation  is  a  fructification  termed  a  cysto- 
coty,  consisting  of  a  number  of  carposporangia.  The  cystocarp  is 
developed  either  directly  or  indirectly  from  the  carpogoninm : 
directly,  when  the  procarp  is  unicellular;  indirectly,  when  it  is 
developed  from  both  carpogonial  and  auxiliary  cells :  the  tricho- 
gyne takes  no  part  in  the  development  of  the  cystocarp,  being 
shut  off  by  a  septum. 


Fio.  191.— Sexual  organs  of  NemsUon 
(xaoO)  A  ends  of  branches  bearing  a 
unioellnlar  procarp  tH),  and  a  groap  of 
antheridia  « ;  the  trichogyne  (t)  of  the 
procarp  has  two  spermatia  (<)  adberinit 
to  it.  B  early  stage  in  the  development 
of  the  cystocarp ;  the  fertilised  carpo- 
goninm is  undergoing  growth  and 
division.  C  nearly  mature  cystocarp, 
consisting  of  a  number  of  short  fila- 
ments each  terminating  in  a  carpo^po- 
THugium.  The  development  of  the 
cystocarp  is  direct. 
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The  siaiplest  mode  of  direct  formation  of  the  cystocarp  occurs 
ic  the  Bangiacese ;  the  cavity  of  the  carpogonium  becomes  cham- 
bered, by  the  formation  of  cell-walls,  into  usaally  eight  cells,  each 
of  which  is  a  sporangium,  giving  rise  to  a  carpospore :  only  a 
single  spore  is  formed  in  the  genas  Grythrotrichia.  In  other  cases 
of  dii'ect  formation  (e,g,  Nemalion,  Batrachosperraum,  Chantransia, 
Lemanea),  the  carpogonium  gives  rise  to  a  number  of  filaments, 
termed  oohlastema-filamentft  which  bear  a  cluster  of  sporangia 
(Fig.  194). 

In  the  indirect  formation  of  the  cystocarp,  the  carpogoniam 
fuses  with  one  or  more  of  the  auxiliary  cells.    In  the  simplest  case 


—an 


Fio.  105.— Sexoal  organs  of  8ptrm»tKnmnion  hermnphndHwH.  A  Miila  and  female  organs ; 
e  muldoellular  procarp;  t  trichogyno;  t'  triohophore;  an  lennical  cluater  of  antheridia. 
B  cystocarp  developing  from  the  fertilised  prooarp;  a  cluster  of  oarposporangi*  ia 
springing  from  each  of  the  two  opposite  lateral  aaxiliary  cells.  The  development  of  tba 
cystocarp  is  indirect  ( x  300 :  after  Naegeli). 

{e,g,  Gigartinaceee,  Rhodymeniaceee,  Spheerococceed,  RhodomelacesB), 
the  carpogoniam  fuses  directly  with  the  auxiliary  cell  (or  cells), 
and  from  the  latter  the  sporangia,  or  filaments  bearing  sporangia, 
are  formed.  In  other  cases  the  carpogonium  gives  rise  to  one 
or  more  elongated,  branched,  ooblastema-filaments  which  fnse 
with  one  or  more  auxiliary  cells,  and  the  sporangia  are  produced 
either  from  the  ooblastema-filaments  (e.g,  Gelidiacese)  or  from  the 
auxiliary  cells  (e.g,  Squamariaceee  and  other  Cryptoneminaa). 

In  the  CorallinacesB,  where  the  procarps  are  aggregated  in  re- 
ceptacles, only  a  single  cystocarp  is  formed  from  the  whole  group 
of  procarps.  Some  of  the  procarps  appear  to  be  altogether  abor- 
tive, and  only  those  toward  the  centre  of  the  group  have  tricbo- 


OBOUP  I. — THALLOPHTTA:  ALGA:  BHODOFHTCEA.       271 

gjnes,  whilst  others  seem  to  hare  only  auxiliary  cells :  after 
fertilisation,  the  carpogonia  of  the  central  procarpia  fuse  with 
each  other,  and  with  the  auxiliary  cells  of  the  other  procarpia, 
forming  a  lai^e  cell  from  the  periphery  of  which  the  carpo- 
sporangia,  constituting  the  cystocarp,  are  developed. 

The  eell-fasioDS  alluded  to  above  are  frequently  considered  to  be  of  the  nature 
of  a  sexual  process.  For  instance,  in  Dudrrtnaya  coccinea,  the  procarp  bearing 
the  triehogyne  is  regarded  as  a  triehophore,  whilst  the  procarp  which  includes 
the  aaziliaiy  cell,  but  has  no  trichogjue,  is  regarded  as  the  carpogonium  proper : 
the  ooblastema-filament  which  grows  from  the  former  and  fuses  with  the  latter, 
it,  from  this  point  of  view,  a  trich'phorie  tube  which  convejs  the  fertilising 
sohstaoce  of  the  sperwatinm  from  the  triohophore  to  the  carpogonium.  From 
the  point  of  view  of  the  foregoing  paragraphs,  the  fusion  of  carpogouial  with 
auxiliary  cells  is  simply  of  nutritive  importance.  Though  both  views  are  tenable, 
the  latter  is  strongly  supported  by  the  fact  that  in  certain  forms  {e.g.  some 
Gelidiaoes  such  as  Wrangelia,  Pterooladia)  the  ooblaatema-filaments  fuse  with 
Tcgetative  cells  of  the  body. 

In  many  cases  the  cystocarp  consists  merely  of  the  cluster  of 
sporangia  (e.g,  Bangia,  Chantransia,  Gallithamnion,  Dudresnaya) ; 
in  other  cases  the  cluster  of  sporangia  is  surronnded  by  a  cellular 
in?e8tment,  termed  the  pericarp^  formed  by  the  growth  of  adjacent 
sterile  cells. 

Each  sporangium  always  gives  rise  to  a  single  carpospore,  which 
is  set  free  as  a  somewhat  spherical  unciliated  cell  destitute  of  a 
oell-wall,  and  germinates  without  any  quiescent  period. 

The  germination  of  the  tetragonidia  and  of  the  carpospores  has 
only  been  followed  in  a  few  cases.  Generally  speaking  the  spore 
becomes  elongated  in  form,  and  is  attached  by  the  more  pointed 
end  which  is  almost  colonrless ;  division  by  a  transverse  wall  then 
takes  place ;  the  elongated  attached  cell  developes  into  the  root, 
the  other  into  the  shoot. 

Batrachospermnm  and  Lemanea  are  exceptions  to  the  general 
rale  that  the  germinating  carpospore  gives  rise  directly  to  the  adult 
form,  and  afford  good  examples  of  heteroblastic  embryogeny  (see 
p.  14).  In  Batrachospermnm,  the  carpospore  gives  rise  to  a  small 
flattened  embryo,  from  which  there  aiise  monosiphonous  filaments; 
these  filaments  constitute  what  is  termed  the  Chantransia- form 
which  reproduces  itself  by  means  of  gonidia  ;  from  the  Chantransia- 
form,  the  Batrachospermnm- plant  springs  as  a  lateral  branch, 
and,  producing  roots,  becomes  independent.  In  Lemanea  tlio 
coarse  of  development  is  essentially  the  same,  only  that  the 
Cbantransia-form  does  not  produce  gonidia. 

The  life-history  of  the  RhodophyceoB  is  generally  considered  to 
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present  an  alternation  of  generations ;  the  plant  is  the  gameto- 
phjte  (either  actual  or  potential)  and  the  cystocarp  is  the 
sporophjte.  In  Batraohospermnm  and  Lemanea  the  life-history 
is  complicated  hy  the  polymorphism  of  the  gametophyte. 

The  BhodophycesB  are  almost  exclasively  marine;  the  only 
fresh-water  forms  are  Batrachospermum,  Lemanea,  and  species  of 
Chantransia,  Bangia,  and  Hildenbrandtia. 

The  sab-class,  sometimes  also  termed  Flobidbjb,  is  subdivided 
into  a  number  of  orders,  the  limits  of  which  are  at  present  but 
imperfectly  defined,  of  which  the  following  are  the  principal : — 

Series  I.    Nku AUoxiNii. 
Order    1.  Helminthooladiaoea :  pzinoipal  genem,  Batraohospeimnm,  ChMi- 
tianslA,  HelminthoolidiA,  Nemalion,  Boinaia,  Helminthora. 
„       2.  liemaneacea :  Lemanea. 

„       3.  Qelidiaceo:  principal  genera,  Oaulaoanthos,  Pterodadia,  Geli- 
dium,  Wrangelia,  Naccaria. 

SjrieS  II.      OXQABTIIIINJB. 

Order   4.  Gigariinaoea :  principal  genera,  Phyllophora,  Oigartina,  Chon- 
dms,  Iridea,  OymnogoDgras. 
„       5.  Bhodophyllidacefla :  principal  genera,  Gatenella,  Bhodophyllis. 
Series  III.    BHODTMSNiHii. 
Order   6.  SphaBrococoaoeie :    principal  genera,  Gracilaria,   Sphsrocoocas, 
Hypnea. 
„       7.  BhodymeDiacefB :   principal  genera,   Bhodymenia,   Lomentaria, 

Plocamium,  Chylocladia,  Champia. 
„       8.  Delesseriaces :  principal  genera,  Delesaeria,  Nitophyllum. 
„       9.  Bonnemaisoniaoes :  principal  genera,  Bonnemaisonia,  Lepto- 

phjllis. 
„      10.  Bhodomelaceie :    principal   genera,   Polysiphonia,    Bhodomela, 

BhytiphloBS,  Cboudriopsis,  Dasya,  Laorencia,  Vidalia. 
„      11.  Ceramiaceie:  principal   genera,    Oeramiam,   Spermothamnion, 
Gallithanmion,  Griffithsia,  Pfcilota,  Monospora. 
Series  IV.    Gbiptombmina. 
Order  12.  GIoeosiphoDiacee :  Glodosiphonia,  etc. 
„     13.  Grateloupiacea :   principal  genera,  Grateloapia,  Gryptonemia, 

Halymenia. 
„      14.  DumontlaceaB :  principal  genera,  Dnmontia,  Dudresnaya. 
„     15.  Neniastomacett :   principal  genera,   Schizymenia,   Nemasiomii, 

Farcellaria. 
„      16.  Bhizophyllidaces :  Polyides,  Bhizophyllis. 
„      17.  Squamariaces :    principal    genera,    Peyssonnelia,    Petrocelis, 
Hildenbrandtia. 
Order  18.  CorallinaceaB :    principal   genera,  Gorallina,    Melobesia,    Litbo- 
pbyUum,  Litbotbamuion. 
Series  V.    Porpbtbinjb. 
Order  19.  Baugioceas :  principal  genera,  Bangia,  Porpbyra,  Erytbrotricbia. 


GROUP  1. — THALLOPHTTA  :  FUNGI.  273 


CLASS  II.— FUNGI. 


This  class,  like  the  preceding,  includes  many  very  simple 
organisms,  as  well  as  others  of  tolerably  high  development. 
Xone  of  them  contain  chlorophyll ;  hence  they  cannot  assimilate 
so  simple  a  carbon-componnd  as  carbon  dioxide,  but  mnst  take 
up  their  carbonaceous  food  in  the  form  of  rather  complex  com- 
pounds, and  their  structure  and  mode  of  life  are  correlated 
with  this  peculiarity.  Some  are  parasitic,  such  as  the  Busts  - 
and  Smnts,  and  absorb  these  complex  carbon-compounds  from 
other  living  organisms,  whether  plants  or  animals.  Others  are 
saprophytes,  absorbing  these  compounds  from  the  remains  of 
dead  oi^anisms,  or  from  organic  substance  formed  by  living  or- 
ganisms :  the  numerous  and  often  large  Fungi  which  grow  on 
hamus  or  leaf-soil  in  forests,  or  on  the  bark  of  trees,  are  examples 
of  the  former  case ;  the  Yeasts  and  Moulds  which  make  their 
appearance  on  juicy  fruits,  saccharine  liquids,  etc.,  are  examples  of 
the  latter.  Some  Fungi  are  tymbiotic ;  that  is,  they  live  in  inti- 
mate relation  (symbiosis)  with  plants  which  possess  chlorophyll, 
and  obtain  from  then^  the  necessary  carbonaceous  food,  but  without 
destroying,  or  apparently  injuring  them.  They  commonly  live 
with  A1g»,  forming  Lichens  (see  p.  819) ;  or  in  connexion  with  the 
roots  of  trees  (esp.  Cupulifersa)  and  of  Orchids,  LeguminossB,  and 
other  plants,  or  with  prothallia  (e.flf.  Lycopodium),  forming  what 
is  known  as  Myeorhiza. 

The  vegetative  body  may  be  unicellular,  or  coenocytic.  In  the 
former  case  it  is  small  and  rounded  or  rod-shaped  in  form.  In 
the  latter  case  the  body  is  always  a  mycelium^  consisting  of  moi*e 
or  less  branched  filaments,  termed  htjphce.  The  mycelium  may  be 
nnseptate,  as  in  the  Phycomycetes,  in  which  case  the  body  re- 
sembles in  structure  that  of  the  Siphonaceae  among  the  Green  Algeo 
(see  p.  238).  Or  the  mycelinm  may  be  septate,  as  in  the  higher 
Fungi,  in  which  case  it  appears  to  be  always  incompletely  septate  ; 
that  is  to  say,  the  segments  of  the  hyphsB  which  are  marked  out  by 
the  transverse  septa,  are  not  cells,  each  with  a  nucleus,  but  contain 
sereral  nuclei,  and  are  coenocytes  (as  in  the  CladophoraceaB  amon^^ 
the  Culorophyceee).  The  hyphas  grow  in  length  at  the  apex  w 
the  manner  of  snch  Algsd  as  Vaucheria  and  Cladophora  (see 
p.  222). 

In  some  of  the  more  complex  forms,  the  hyphm  of  the  repro- 
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dactive  organs  form  compact  masses  of  tissue  of  a  somewhat 
parenchjmatoas  appearance,  in  which  there  is  no  differentiation  of 
tissue-systems,  but  the  superficial  layers  of  hypha9  form  a  kind  of 
tegumentary  tissue,  termed  generally  cortex.  Considerable  differ- 
ences in  the  nature  of  the  cell- wall  may  obtain  in  different  parts  of 
such  organs,  some  walls  being  soft  and  mucilaginous,  whilst  others 
are  relatively  hard  without,  however,  ever  being  lignified.  In 
a  few  Mushrooms  (e,g.  Lactarius)  some  of  the  hyphse  form  a 
system  of  laticiferous  tissue,  and  in  others  glandular  structures 
occur. 

Except  in  the  simplest  forms,  the  body  is  generally  more  or  less 
clearly  differentiated  into  i*oot  and  shoot.  These  members  can  be 
distinguished  partly  by  their  relative  position,  the  root-hyph® 
growing  into  the  substratum,  and  the  shoot-hyphee  into  the  air ; 
and  partly  by  the  fact  that  the  shoot-hyphae  bear  the  reproductive 
organs.  Some  parasitic  forms  have  root-like  organs,  termed 
hausioria,  which  penetrate  into  the  cells  of  the  host;  similar 
organs  occur  in  some  saprophytes,  and  in  others  (e»g,  crnstaceous 
Lichens)  the  roots  (sometimes  called  rhtzinea)  consist  of  bundles  of 
hyphsB.  There  is  in  no  case  any  differentiation  of  the  shoot  into 
stem  and  leaf. 

The  foregoing  account  does  not  apply  to  the  body  of  the  Myxonijcetei, 
which  consists  of  a  multinucleate  mass  of  protoplasm,  termed  a  pla$nu}di»Hi, 
withoot  any  cell-wall.  It  is  formed  by  the  cohesion  of  a  nnmber  of  small, 
originally  independent  cells,  like  that  of  the  Hydrodictyaceo)  among  the  Alg« 
(see  p.  242). 

YegetAtive  propagation  is  common  among  the  Funj^.  The 
simplest  form  of  it  is  simple  cell-division  {e,g,  Schizomycetes),  or 
that  form  of  cell-division  known  as  budding  or  sprouting  (gemm- 
ation)  (e.g.  the  Yeast-forms  of  various  Fungi).  It  is  effected  in  some 
cases  (e.g.  in  some  Zygomycetes,  Ascomycetes,  and  Basidiomycetes) 
by  unicellular  gemmoB  of  various  sizes  (termed  chlamydogonidia 
when  they  are  relatively  large  and  thick- walled,  and  are  adapted  for 
a  period  of  quiescence ;  oidium-cells,  when  they  are  small  and  thin- . 
walled  and  capable  of  immediate  germination)  which  are  formed 
by  the  segmentation  of  a  hypha  by  transverse  septa  into  short  cells 
which  become  somewhat  rounded  and  separate  from  each  other ; 
on  germination,  each  may  give  rise  to  a  mycelium.  In  other 
cases  (e.g.  many  Ascomycetes,  such  as  the  Sclerotinieee,  Pezizeae, 
Claviceps,  etc. ;  some  Basidiomycetes,  such  as  Cnpriniu  stercorariuSt 
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species  of  TjpTinla  and  Agaricus),  it  is  effected  by  bodies  termed 
fclerotia ;  each  sclerotiam  consists  of  a  compact  mass  of  bypbsB, 
filled  with  reserve  materials,  covered  by  a  cortex  of  one  or  more 
Ujers  of  cells,  which  are  thick- walled,  and  of  a  dark  colour.  They 
become  detached  from  the  mycelium  on  which  they  are  formed, 
and  are  capable  of  retaining  their  vitality  during  a  long  dormant 
period ;  on  germination  they  give  rise  to  shoots  bearing  reproduc- 
tive organs. 

A  form  of  sclerotium  is  found  also  in  the  Myxomycetes.  Here 
it  consists  of  a  plasmodium,  or  a  part  of  a  plasmodinm,  which  has 
flnrrounded  itself  with  a  membrane,  and  remains  for  a  longer  or 
shorter  time  in  a  dormant  condition.  The  individual  amoBboid 
cells  may  also  surround  themselves  with  a  membrane  and  remain 
dormant,  in  the  form  of  microcysts. 

Reproduction  is  effected  sexually  or  asexnally.  A  sexual  process 
takes  place  in  the  Zygomycetes ;  in  the  PeronosporaceaB ;  and  ap- 
parently in  some  Asoomyoetes,  though  this  is  a  matter  of  con- 
troversy. 

The  modes  of  the  sexual  process  are  the  following : — 

I.  Isogamy :  sexual  cells,  similar  aplanogamet«s  which  are  not 
Aet  free;  process,  conjugation;  product^  a  zygospore;  Zygo- 
mycetes. 

II.  Heterogamy  : — 

a.  Oogamy :  sexual  cells,  oosplicres  and  undifferentiated  male 
cells  (spermatozoids  in  Monoblopharis  P)  ;  process,  fertili- 
sation ;  product,  an  oospore ;  Peronosporacese,  AncylistaceaB. 

h,  Carpogamy :  no  differentiated  female  cell ;  female  oi^an 
fertilised  either  by  (I)  the  undifferentiated  contents  of  the 
male  organ  {e.g.  Eremascus,  Pyronema) ;  or  (2)  by  differenti- 
ated male  cells,  spermatia  (e.g,  Collema) :  product,  a  fructifi- 
cation termed  an  asoocarp :  all  the  forms  in  which  this  mode 
occurs  belong  to  the  Ascomycetes. 

There  is  no  sexual  process  in  the  Schizomycetes,  the  Myxomy- 
(%teB,  in  some  of  the  Phycomycetes  (Saprolegniacece),  the  great 
majority  of  the  Ascomycetes,  the  ^cidiomycetes,  and  the  Basid- 
lomycetes.  In  the  Schizomycetes  and  Myxomycetes,  the  absence 
of  a  sexual  process  may  be  attributed  to  their  rudimentary  charac- 
ter; in  the  higher  groups  it  is  due  to  sexual  degeneration.  In 
the  SaprolegniaceiB,  female  and,  genei'ally,  male  organs  are  deve- 
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loped,  but  the  male  organs  are  function! ess ;  still  tbe  female  organs 
produce  oospores,  but  thej  do  so  partbenogeneticallj.  In  tbe 
majority  of  the  apparently  sexual  Ascomycetes,  even  when  both 
kinds  of  sexual  organs  are  present  (e,g.  Erysiphefe,  Penicillium. 
Sordaria)  it  is  a  question  if  any  sexual  process ' takes  place;  in 
others,  no  male  organ  is  present  (e.g,  Chaatomium,  Melanospora)  ; 
in  others  again  (e.g,  Xylaria),  the  female  organ  is  rudimentary^ 
and  in  yet  others  (e.g,  Claviceps,  Cordyceps,  Pleospora)  it  bas 
entirely  disappeared.  Yet  in  all  tbese  cases  an  ascocarp  is  pro- 
daced,  either  parthenogenetically  from  the  female  organ,  or  vegs- 
tatively  from  the  mycelium.  In  the  JScidiomycetes,  thougb  there 
is  apparently  no  female  organ,  yet  a  fructification  termed  an 
cpcidium,  which  seems  to  be  homologous  with  the  ascocarp  of 
the  Ascomycetes,  is  produced  in  most  forms.  In  the  Basidiomy- 
cetes,  although  they  are  the  most  highly  organised  Fungi,  there 
are  no  sexual  organs,  and  no  fructification  is  produced  which  is 
homologoas  with  the  as'-ocarp  of  the  Ascomycetes. 

The  sexual  organs^  with  the  exception  of  those  of  some  Ascomy- 
cetes, are  unicellular.  They  are  either  quite  similar  to  each  other, 
as  in  the  Zygomycetes  and  some  Ascomycetes  (e.g.  Eremascus), 
when  they  may  be  termed  gametangta ;  or  they  may  be  more  or 
less  difFerentiated,  as  in  the  Oomycetes,  and  in  some  Ascomycetes 
(e.g.  Erysipheas,  Collema,  etc.),  as  male  and  female. 

The  mcde  organ  is  a  polUnodium  in  the  Oomycetes  and  in  some 
Ascomycetes  (e.g.  Pyronema,  Erysipheae,  Ascobolas);  it  is  generally 
unicellular  but  sometimes  multicellular  (e.g.  Ascobolus).  As  it  is 
developed  in  close  proximity  to  the  female  organ,  fertilisation  is 
effected,  in  these  forms,  by  absorption  of  the  cell-walls  at  the 
'  point  of  contact  of  the  two  organs,  or  the  development  of  a  tube 
placing  their  cavities  in  communication. 

In  other  Ascomycetes  (e.g.  Collema),  what  appears  to  be  the 
male  organ  is  a  unicellular  or  multicellular  filament,  termed  a 
sterigmaj  at  the  apex  of  whicb  male  cells  (spermatia)  are  succes- 
sively formed  by  abstriction.  The  sterigmata  are  developed  in 
great  numbers  together  within  a  special  receptacle  termed  a 
sperm ogoniuin.  In  these  forms  the  male  and  female  organs  are 
widely  separated,  and  the  male  cells  are  conveyed  by  means  of 
water  to  the  female  organ.  Spermogonia  also  occur  in  the 
^cidiomycetes. 

The  female  organ  is  either  a  unicellular  closed  oogoniwn  (Oomy- 
cetes), or  a  unicellular  or  multicellular  archicarp  (Ascomycetes) 
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The  archicarp  may  consist  (like  the  procarp  of  tbe  Rhodoplijcese) 
of  two  parts ;  a  receptive  portion,  the  tricTiogyne,  which  is  a  more 
or  less  elongated  mnlticellnlar  filament,  and  a  sporogenons  portion, 
the  atcogoniumj  from  which,  after  fertilisation  has  taken  place,  the 
one  or  more  sporangia  (asci)  of  the  ascocarp  are  developed. 

Sexual  cells  are  only  clearly  differentiated  in  the  case  of  the 
'finale  cells  of  the  Oomycetes,  and  of  the  male  cells  of  those 
Ascomycetes  in  which  the  sexnal  organs  are  not  contignous.  The 
female  cells  of  the  Oomycetes  are  oosphereSy  spherical  cells  destitute 
of  a  proper  wall.  The  male  cells  of  the  Ascomycetes  in  question 
are  ^pemuUia,  small  rounded  or  rod-shaped  cells,  with  a  cell-wall 
and  without  cilia.  It  must,  however,  be  mentioned  that  consider- 
able doubt  exists  as  to  the  sexual  nature  of  the  spermatia ;  and, 
inasmuch  as  they  have  in  many  cases  been  found  capable  of  germi- 
nation, giving  rise  to  a  mycelium,  there  is  evidence  in  favour  of 
tbe  view  that  they  are  merely  asexual  cells  of  the  nature  of 
gonidia  (see  p.  297). 

In  all  other  cases  the  protoplasmic  contents  of  the  sexual  organs 
are  not  differentiated  into  cells  of  definite  form ;  but  the  f  asing 
masses  of  protoplasm  of  the  Zygomycetes  may  be  regarded  as 
aplanogametes ;  and  that  portion  of  the  protoplasmic  contents  of 
tbe  poUinodium  of  the  Peronosporaceae  which  enters  the  oogonium 
and  fertilises  the  oosphere,  may  be  regarded  as  a  male  cell. 

A  formation  of  planogametee  has  been  observed  in  a  doubtful  Chytridiaoeoua 
fnrn  Tetrackytrium  trieepi ;  and  of  spermatozoids  with  a  single  cilium  ia 
MombUpharii  9phariea  a  form  allied  to  the  PeronoaporacesB ;  but  these  observa- 
tiont  require  confirmation. 

An  (uexual  formation  of  spores  is  of  general  occurrence.  Where 
the  life-history  is  such  as  to  indicate  an  alternation  of  genet*ations, 
these  cells  may  be  distinguished  as  gonidia  and  spores ;  it  is,  in 
fact,  in  the  gametophyte  that  the  greater  variety  and  complexity 
of  the  aisexual  reproductive  organs  obtains. 

In  the  Schlzomycetes  there  are  no  special  spore-bearing  organs, 
but  the  protoplasm  of  the  cells  surrounds  itself  with  a  proper  cell- 
wall,  and  becomes  a  spore. 

In  the  Myxomycetes  sporangia  are  formed,  attaining,  in  some 
forms,  a  high  degree  of  complexity  of  structure. 

In  tbe  gametophyte  of  the  higher  Fungi,  the  gonidia  are  formed, 
speaking  generally*  either  in  the  interior  of  unilocular  gonidangia 
(«.g.  most  Phycomycetes),   or  by  abstriction,  either  singly  or   a 
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number  in  succession,  from  certain  special  hyphae  (as  in  the 
Ascomjcetes,  iEcidiomjcetes,  and  Basidiomycetes)  ;  in  the  latter 
case  the  gonidia  may  be  generally  designated  styloganidia. 

These  stylogoDldia  has  received  speoial  names,  snoh  as  uredospores,  teleoto- 
spores,  basidiospores,  etc.,  with  the  object  of  indicating  the  groap  to  which 
they  belong,  or  peculiarities  in  their  development.  These  terms  (more  correctly 
nredogonidi«,  telentogonidia,  basidiogonidia)  are  explained  in  the  descriptions 
of  the  varions  groups. 

In  either  case,  the  gonidia  are  produced  at  the  apex  of  an  organ, 
a  special  branch  of  the  mycelium,  termed  a  gonidiophore.  This 
may  consist  of  a  single  hypha  (e,g,  Mucor,  Peronospora,  Penicil- 
lium,  Puccinia),  when  it  is  said  to  be  simple ;  or  of  a  number  of 
coherent  hyphoo  (e.g.  the  Mashroom,andthe  fructifications  of  other 
Basidiomycetes)  when  it  is  said  to  be  compound. 

The  gonidiophores  may  be  scattered  over  the  mycelium,  or  they 
may  be  collected  into  receptacles  termed  pycnidia. 

In  the  sporophyte  of  most  Phycomycetes  and  all  Ascomycetes, 
the  spores  are  always  found  in  the  interior  of  a  sporangium 
(termed,  in  the  Ascomycetes,  an  ascus);  in  the  JBcidiomycetes 
they  are  formed  by  successive  abstriction  from  basidial  cells  form- 
ing part  of  the  socidium.  In  some  cases  (e.g.  certain  Mucorinae  and 
Peronosporacea))  the  sporangia  are  borne  on  special  hypha,  which 
are  termed  simple  sporophorea ;  and  the  more  complex  ascocarps  of 
the  Ascomycetes  may  be  regarded  as  compound  sporophorea. 

The  asexually-formed  spores  and  gonidia  are  but  rarely  motile 
(e.^.ciliated  zoospores  and  zoogonidiaof  Myxomycet'es,Chytridiace8B, 
and  Oomycetes)  ;  in  all  other  Fungi  they  are  non-motile  and  have 
a  cell-wall.  There  is  considerable  variety  in  their  form,  colour, 
etc.  In  sqme  cases  the  spores  or  gonidia  are  compound;  that 
is,  they  appear  to  consist  of  two  or  more  cells  (e.g.  teleutogonidia 
of  Puccinia  Oraminis  and  other  ^cidiomycetes ;  ascospores  of 
some  Ascomycetes  such  as  Pleospora,  Hysterium,  Cordyceps,  etc.) ; 
each  cell,  however,  germinates  independently  and  is  therefore 
itself  a  spore  or  gonidium.  These  compound  spores  and  gonidia 
are  formed  by  the  division  of  a  primary  mother-cell. 

The  Life- History  of  the  Fungi  is  generally  very  much  complicated 
by  polymorphism.  In  most  of  the  Schizomycetes,  although  there 
is  no  alternation  of  generations,  there  is  remarkable  polymorphism 
especially  in  the  higher  forms  which  pass  through  several  distinct 
phases  in  the  course  of  their  life.     In  the  sexual  forms  an  alter- 
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nation  of  generations  can  generally  be  traced ;  thus,  in  the  Phj- 
comjcetes,  the  plant  is  the  gametophyte,  and  the  sporophyte  is 
either  merely  the  oospore  or  zygospore,  or  it  is  the  comparatively 
small  mycelinm  (promycelium)  developed  on  germination  from  the 
sexnally-prodnced  spore  ;  similarly,  assuming  the  sexoality  of  the 
gronp,  in  the  simpler  forms  of  the  Ascomycetes,  the  plant  is  the 
gametophyte,  and  the  ascocarp  the  sporophyte.  In  these  simpler 
cases  the  only  complication  introduced  into  the  life-history  is  that 
due  to  the  fact  that,  as  in  many  of  the  Algas,  the  gametophyte 
reproduces  itself  by  means  of  asezually-produced  gonidia,  and 
may  not  produce  sexual  organs ;  so  that  there  may  be  a  succession 
of  potential  gametophytes  before  the  actual  gametophyte  presents 
itself. 

In  the  life-history  of  some  of  the  forms  which  have  become 
asexual  through  sexual  degeneration  (e^g.  many  Ascomycetes, 
iBcidiomycetes,  Saprolegniacese),  it  is  still  possible  to  recognise  the 
gametophyte.  It  is  that  form  which  gives  rise  to  the  structure 
which  is  identical  or  homologous  with  the  product  of  fertilisation 
in  the  allied  sexually  complete  forms.  For  instance,  in  the  Sapro- 
legniaceas,  that  form  which  bears  the  organs  in  which  the  partheno- 
genetic  oospores  are  formed,  is  the  gametophyte;  similarly,  in 
the  sexually  degenerate  Ascomycetes,  the  form  which  bears  the 
ascocarp  is  the  gametophyte ;  and  again,  in  the  ^cidiomycetes, 
the  form  which  produces  the  aecidium  is  the  gametophyte. 

In  some  Ascomycetes  (e.g.  Claviceps),  and  most  ^cidiomycetes 
the  life-bistory  is  further  complicated  by  the  polymorphism  of 
the  gametophyte.  Here  the  life- history  of  the  gametophyte  pre- 
sents one  and  sometimes  two  (most  ^cidiomycetes)  entirely 
asexual  gonidia-bearing  forms. 

In  the  life-history  of  the  Basidiomycetes  there  is  no  form  homo- 
logous with  the  sporophyte  of  any  of  the  other  groups  of  Fung^ ; 
the  sporophyte  is  entirely  unrepresented.  The  plant  is  therefore 
a  gametophyte,  and  it  is  in  some  cases  polymorphic.  As  it  is 
altogether  asexual,  it  corresponds  to  the  asexual  forms  of  the 
gametophyte  in  the  life-history  of  those  Ascomycetes  and  ^cid- 
iomycetes  in  which  the  gametophyte  is  polymorphic. 

The  foregoing  account  of  the  life-history  of  the  higher  Fungi  is  based  upon 
the  assompHon  that,  in  the  Ascomycetes,  the  ascocarp  is  the  product  of  a 
sexual  process,  or  is  the  homologae  of  such  a  product.  If,  however,  the  view 
be  taken  that  the  Ascomycetes  are  altogether  asezaal,  then  the  ascocarp  may 
be  regarded,  not  as  the  sporophyte,  bat  as  simply  a  special  form  of  gonidiophore 
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borne  by  the  gametophyte,  a  oonclusion  which  would  equally  apply  to  the 
eoidium  of  the  ^cidiomyoetes.  In  both  these  groups,  ae  in  the  Basidiomjoetes, 
the  plant  would  still  be  the  gametophyte,  the  sporophyte  having  entirely  dis- 
appeared as  a  necessary  consequence  of  the  complete  sexual  degeneration  of 
the  gametophyte. 

The  Fangi  may  be  classified  as  follows  : — 
Sub-Class     I. — ScHizoMTCBTES :    Body    nnicellnlar,   or    multi- 
cellular and  filamentous;    no  special  spore- 
bearing  organs ;  no  sexual  reproduction. 
Sub-Class     II. — Myxomtcetes  :    Body    a    plasmodium ;    spores 
formed  in  more  or  less  well-developed  spor- 
angia ;  zoospores  ;  no  sexual  reproduction. 
Sub-Class  III. — Phycomycetes  :     Body  generally    either    uni- 
cellular, or  a  coenocy tic  unseptate  mycelium  ; 
sexual  reproduction  general;     zoospores  (or 
zoogonidia)  present  in  most  orders. 

Section  A. — Zygomycetes:   sexual  process 
isogamous ;  product,  a  zygospore. 

Section    B. — Oomycetes:     sexual    process 
oogamous ;  product,  an  oospore. 
Sub- Class  rV. — AscoMYCETES:     Body  usually  an  incompletely 
septate  mycelium ;   sexual  process  carpoga- 
mous;  the  eporophyte  is  apparently  repre- 
sented by  the  ascocarp. 
Sub- Class    V. — jEcimoMYCETES :   Body  an  incompletely  septate 
mycelium;    no    sexual  process;    the   sporo- 
phyte is  apparently  the  secidium. 
Sub-Class   VI. — Basidiomtcetes  : — Body  an  incompletely  sep- 
tate mycelium ;  no  sexnal  process ;  the  sporo- 
phyte is  unrepresented;  compound  gonidio- 
phores  are  always  formed. 
Sub-Class  I. — ScHizOMYCBTES.     These  organisms  are  either  uni- 
cellular or  multicellular;  most  of  the  unicellular  forms  are  very 
minute.     The  cell  consists  of  a  mass  of  protoplasm,  with  a  nucleus 
surrounded  by  a  cell-wall  which  consists  in  some  cases  of  cellulose, 
and  in  others  of  a  proteid  substance.     In  some  cases  the  cells  are 
coloured  red,  green,  blue,  etc. :  a  starchy  substance,  turning  blue 
with  iodine,  is  found  in  the  cells  of   some  forms  (e.g.  Bacillut 
Amylohacter). 

The  forms  presented  are  extremely  various.     The  individuals 
may  be  spherical,  the  Coccus-form  (Fig.  196,  a);  or  rod-shaped,  the 
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Bacterium-fonn  (Fig.  196,  6) ;  or  Rpirally- wound,  the  Spirillnm- 
and  Spirochffite-forms  (Fig.  196,  d)  ;  or  straight  free  filaments,  the 
Bacillos-form  ;  or  straight  fila- 
ments attached  by  one  end,  the 
Leptothrix-form ;  or  the  individuals 
may  form  cubical  masses,  as  in  Sar^ 
cina  Ventriculi,  Some  forms  (e.g. 
Bacterium,  Spirochcete,  and  some 
Coccus-forms)  are  capable  of  loco- 
motion; but  it  is  uncertain  how 
the  movement  is  executed.  These 
forms  are  provided  with  one  (Coc- 
cus-form) or  more  (one  or  more  at 
each  end  in  Bact^um-  and  Spiro- 
chsete-forms)  delicate  filaments, 
which  are  regarded  by  some  as  vibratile  protoplasmic  cilia,  by 
means  of  which  movement  is  effected,  whereas  others  consider 
them  to  be  simply  prolongations  of  the  cell -wall. 

A  remarkable  phase,  common  to  the  life-history  of  nearly  all 
forms,  more  especwlly  the  unicellular,  is  the  zoogloaastage.  It 
consists  of  great  numbers  of  cells  held  together  by  bulky  mucilage, 
to  form  either  a  membrane  {e.g.  the  scum  on  putrifying  liquids) 
or  masses  of  the  most  various  form.  A  striking  zoogloea-stage  is 
that  known  as  Leuconostoc  tnesenterioideSy  which  consists  of  wavy 


'^^^ 


^0 
^0  . 


Fio.  lOG.— Diflbrent  forms  of  Bchizo- 
myoetes:  a  Hiorooocoos ;  b  Baoteriam  ; 
c  Bacillas  with  spores;  d  Spirillam 
(diag.:  x600). 
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Fio.  197.— Bocatiw  nhtUit,    A  soofflcBa-stAge ;   B  motile  stage ;   C  soogloea-stage,  with 
•poiBilormaUon.     (After  Strasburger  i  x  800.) 

chains  of  cocei  imbedded  in  a  mass  of  mucilage,  the  whole  re- 
lembling  the  structure  of  Nostoc  in  the  Cyanophycesd  (p.  231). 
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Althongh  a  special  name  has  been  given  to  each  of  the  malii- 
farious  forms  assumed  bj  the  Schizomjcetes,  it  must  not  be 
assumed  that  each  form  to  which  a  name  has  been  given  con- 
stitutes a  distinct  species.  On  the  contrary,  the  Schizomjcetes 
are  highly  polymorphic,  and  the  various  simpler  forms  are,  for 
the  most  part,  merely  phases  in  the  life-history  of  the  more  com- 
plex forms.  The  Schizomycetes  may  be  classified,  in  accordance 
with  these  facts,  as  follows  : — 

1.  Coceaeea:    exist    in    the    free   coooas-form,  or   in  the    sooglcea-fttage. 

Leuconostoc  is  the  only  form  which  has  been  fatly  InTestigated. 

2.  BaeteriaeetB :    exist   in    the  coocas-form,  the   bacterium-form   and  the 

baciUuB-form ;  any  of  which  may  pass  through  a  zooglosa-stage. 
Genera :  Bacterium  (e,(i.  BaeUrium  Termo) ;  Clostridium  {e.g.  Cloitri- 

dium  butyricum,  causing  butyric  fermentation) ;  Baoillus  {e.g.  Baeillut 

iubtilh)  developed  in  infusions  of  hay. 
8.  LeptothriehUa :  nnbrauched,  attached,  filamentous  forms ;  giving  rise  to 

coccus,  bacterium,  and  spiral  forms,  which  may  pass  through  a  zooglcea- 

stage.    Oenera :  Leptothrix,  Beggiatoa,  Crenothrix. 
4.  Cladothrichiea :  resemble  the  precediug,  but  the  attached  filaments  are 

(spuriously)  branched.    Genus,  Cladothriz. 

The  Schizomycetes  multiply  mainly  by  oelUdivision  (whence  their 
name),  and  they  do  so  with  great  rapidity  under  favourable  con- 
ditions ;  the  nucleus  undergoes  mitotic  division  in  connexion  with 
this  process.  In  many  forms  reproduction  is  also  effected  by  means 
of  spores  {e.g.  Leuconostoo  mesenterioides,  BcuyiUtis  iubtUis  and 
Anthracisy  Clostridium  butyricutn).  Each  spore  is  formed  from  a 
cell,  the  protoplasmic  contents  contracting  from  the  cell- wall  and 
surrounding  themselves  with  a  thick  proper  wall ;  the  spore  is  set 
fi-ee  by  the  decay  of  the  old  cell-wall.  Spore-formation  generally 
takes  place  in  the  zooglcea-stage,  and  is  promoted  by  conditions 
which  are  unfavourable  to  growth  and  multiplication  by  division. 
The  vitality  of  the  spores  is  remarkable,  being  retained  under  con- 
ditions, such  as  extremes  of  temperature,  desiccation,  etc.,  which 
would  prove  fatal  to  the  organisms  themselves. 

The  most  conspicuous  feature  in  the  physiology  of  the  Schizomy- 
cetes is  their  capacity  for  decomposing  organic  compounds,  indu- 
cing various  fermentative  processes,  such  as  the  lactic  and  the 
butyric  fermentation  of  various  kinds  of  sugars,  etc.,  (but  never 
the  alcoholic  fermentation),  and  the  putrefactive  fermentation  of 
complex  nitrogenous  organic  substances,  such  as  proteids,  etc.  Some 
are  parasitic  in  the  bodies  of  animals,  such  as  Sarcina  Ventrtculi^ 
Leptothrix  btxcalia  which  causes  decay  of  the  teeth,  and  the  various 
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forms  of  Bacteria  which  canse  Phthisis,  Cholera,  Anthmx,  and 
other  diseases. 

The  particular  form  presented,  and  the  degree  of  the  physiolo- 
gical activity  manifested,  at  any  given  time,  is  determined  by  the 
external  conditions,  such  as  the  nature  of  the  obtainable  food,  the 
temperature,  the  presence  or  absence  of  oxygen,  etc. ;  important 
variations  in  any  of  these  conditions  may  induce  change  from  one 
form  of  the  organism  to  another  and  may  modify  its  physiological 
activity. 

There  is  a  general  resemblance  in  organisation  and  reproduction 
between  the  Schizomycetes  and  the  Cyanophycem,  as  well  as  a 
remarkable  correspondence  between  individual  forms  belonging  to 
the  two  groups.  On  this  ground  they  are  sometimes  placed  to- 
gether in  a  distinct  group,  the  Schizophy ta.  It  is,  however,  prefer- 
able to  place  them  respectively  in  the  classes  Fungi  and  Algas  as 
corresponding  sub-classes. 

Sub-Class  II.  Myxomycet£S.  These  organisms  are  characteris- 
tically saprophytic,  living  on  decaying  organic  substances,  such 
as  spent  tan,  decaying  leaves,  tree-stumps,  etc. 

Their  life-history  is,  in  most  cases  (EndosporeoB),  as  follows : — 
On  the  germination  of  the  spores,  the  contents  of  each  spore  escape 
as  a  zoogonidium,  a  naked  mass  of  protoplasm,  enclosing  a  nucleus 
and  a  contractile  vacuole,  provided  with  a  single  cilium ;  this  con- 
stitutes the  nuutigopod  stage,  and  in  this  stage  the  cells  multiply 
by  division.  After  a  period  of  active  swimming,  the  zoogonidium 
draws  in  its  cilium,  and  now  creeps  about  by  means  of  temporary 
protrusions  of  its  protoplasm  termed  pseudopodia;  this  is  the 
anuBbM  or  myxopod  stage,  and  in  this  stage  also  multiplication  by 
division  takes  place.  The  amcebad  then  collect  together,  cohering 
into  a  platmodium ;  the  protoplasm  of  the  amoebsB  in  some  cases 
fuses  completely  so  that  the  plasmodium  presents  no  cellular 
structure,  whereas  in  others  {pseudoplasTnodium)  the  outlines  of 
the  coherent  amoebsd  persist ;  but,  in  any  case,  there  is  no  fusion 
of  the  nuclei  of  the  constituent  amoebae,  so  that  the  plasmodium  is 
mnltinncleate  and  coenocytic. 

The  Plasmodium  creeps  about,  like  a  gigantic  amceba,  by  means 
of  pseodopodia,  until  spore-formation  begins.  At  this  time  the 
Plasmodium  comes  to  rest ;  and  it  either  forms  a  single  sporangium, 
or  divides  into  several  portions  each  of  which  forms  a  sporangium. 
The  mass  of  protoplasm  .then  assumes  the  form  of  tho  future 
sporangiam ;  the  external  portion  of  \it  hardens  to  form  the  wall. 
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while  the  internal  portion,  after  rapid  mitotic  nuclear  division, 
separates  into  cells  each  of  which  secretes  a  proper  wall  and  be- 
comes a  spore.  In  most  forms  a  portion  of  the  internal  protoplasm 
goes  to  form  a  number  of  filaments,  generally  tubular,  either  free 
or  connected  into  a  net- work,  which  constitute  the  capUlUxuni, 
The  wall  dries,  and  eventually  ruptures,  and  the  spores  are 
scattered  by  the  expansion  and  hygroscopic  movements  of  the 
elastic  capillitium.     In  many  cases  the  sporangium  has  a  stalk, 
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Fi».  108.— il  Part  of  %  plaamodiam  of  IHdymium  Uucoput  ( x  300).  B  Aoloted  BporAn^am 
of  Areyria  ineamata,  C  The  same  after  the  rapture  of  its  wall  (p)  and  expanaUm  of  the 
capillitium  cp(x  20).    (After  Bache.) 

(sporophore)  which  is  sometimes  continued  into  the  cavity  of  the 
sporangium  as  a  columella. 

In  the  ExosporeflB  the  spores  are  not  formed  in  the  interior  of 
a  sporangium,  but  by  abstriction  from  the  ends  of  filaments  de- 
veloped from  the  surface  of  the  sporophore. 

In  some  forms  (e.g.  Fuligo  varians)  a  compound  sporangium  is 
formed,  termed  -/Bthalium,  by  the  combination  of  a  number  of 
Plasmodia. 
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The  sporangiam-wall  and  capillitiam  give  the  reactions  of 
cuttcolarised  cell- wall. 

The  life-historj,  as  sketched  above,  varies  somewhat  in  different 
forms.  In  some  {e.g.  Dictyosteliaceae,  GnttnlinesB)  the  mastigopod 
stage  is  wanting,  the  spores  giving  rise  directly  to  amcBbee. 
Again,  the  mastigopods  or  the  amoBbea  may  sarround  themselves 
with  a  membrane  and  go  through  a  resting-stage  as  microcysU  ;  or 
the  whole  or  part  of  a  plasmodinm  may  do  the  same  as  a  sclerotium, 

Gloiely  ooDneoted  with  the  Myxomyoetes  proper  is  the  group  of  the  Mona- 
DiSKA.  In  their  stractnre  and  life-history  they  generally  resemble  the  Myzomy- 
eetas ;  bat  a  pUsmodiom-stage  oocors  in  bttt  lew  forms,  and  then  it  is  minute  and 
of  simple  stmctnre ;  they  are  farther  characterised  by  the  formation  of  zoocysts, 
whioh  give  rise  to  ciliated  or  amoeboid  zoogonidia.  The  Monadineie  are  parasitic. 

The  Sub-Class  may  be  sub-divided  as  follows : — 

Division  I.  MonadinesB:  aquatic,  often  parasitic;  usually  produce  zoocysts; 
Plasmodium  small  or  wanting. 

A,  AMootporea :  zoospores  amosboid ;  Yampyrelles,  etc. 

B.  Zoosuorem :  zoospores  ciliated ;  PlasmodiophoreiB,  etc. 

Division  U.  Eumycetozoa :  subaerial,  not  parasitic :  no  zoocysts ;  body,  a 
Plasmodium  with  well  developed  fructification. 

1.  Sorophorea :  zoospores  simply  amoBboid ;  the  cells  of  the  Plasmodium 
(pseadoplasmodium)  distinct :  spores  not  developed  in  sporangia,  but 
free  on  the  surface  in  groups  (sori) :  QutttilineflB,  DictyosteliaoeaB. 

t.  Endo$porea :  zoospores  at  first  ciliated,  becoming  subsequently  amoe- 
boid ;  body,  a  true  plasmodinm ;  spores  developed  in  a  sporangium  wiih 
a  capillitinm;  to  this  group  belong  most  of  the  Myxomyoetes  {e,g, 
Didyminm,  Arojria,  Stemonitis,  Fuligo,  Badhamia,  etc.). 

8.  Exotporea :  zoospores  at  first  amoeboid,  becoming  subsequently  ciliated, 
and  finally  amoeboid  again :  body,  a  true  plasmodinm :  spores  developed 
on  the  surface  of  basidioid  sporophores;  Ceratium. 

Snb-Class  III.     Phycomycetes.     Section  A.     Zygomycetes. 

This  section  includes  the  following  orders : — 

Order  1.  Cbytridiacesd :  simple  nnicellnlar  or  mycelioid  forms ; 
aseznal  reproduction  by  zoospores  (and  zoo- 
gonidia). 

Order  2.  Mncorinsd:  body,  a  well -developed  nnseptate  my- 
celinm;  no  motile  spores  or  gonidia. 

Orders.  Entomophthoraceae :  body,  an  incompletely  septate 
mycelinm ;  no  mottle  spores  or  gonidia. 

Order  1.  Chytridiacea.  Body,  a  single  rounded  cell,  or  a  simple  mycelium ; 
Mxatl  reproduction  known  in  som6  forms ;  asexual  reproduction  by  zoospores 
(in  Mzotl  foraiB  by  both  zoogonidia  and  zoospores) ;  mostly  parasitic,  generally 
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on  AlgflB,  or  on  aqaatio  Ftingi,  but  sometimes  on  Phanerogams,  and  on  aqnatio 
animals. 

In  accordance  with  the  form  and  stmotore  of  the  body,  the  ChytridiaeeB 
may  be  sab-divided  into  two  groups ;  the  Myzochytridine»  (induding  saoh 
genera  as  Spherita,  Olpidium,  Olpidiopsis,  Synchytrinm,  etc.)  where  the  body 
is  a  single  spherical  or  oval  cell,  destitute,  for  a  time  at  least,  of  a  cell-wall ; 
and  the  MyooohytridineiB  where  the  body  has  a  oell-wall  from  the  first,  and  is 
asually  more  or  less  myeelioid,  and  is  commonly  branched. 

The  asexnal  organs  of  reproduction  are  in  all  cases  unicellular,  and  present 
two  distinct  forms ;  a  thin- walled  sporangium  (gonidangium  in  the  sexual  forms) 
which  at  once  gives  rise  to  zoospores ;  a  thick-walled  sporangium  (sometimes 
termed  a  resting-spore),  fcmned  by  a  process  of  encystment  in  the  asexnal 
forms,  by  a  sexual  process  in  the  sexual  forms  where  it  represents  the  sporo- 
phyte,  which  only  gives  rise  to  zoospores  after  a  longer  or  shorter  period-  of 
quiescence. 

The  simpler  forms  (Myxochytridinen)  are  holocarpie ;  that  is,  the  whole  cell 
becomes  a  sporangium,  being  invested  by  a  cell-wall.  The  other  forms  are 
eucarpie,  that  is,  a  part  only  of  the  body  goes  to  form  the  sporangium ;  some  of 
them  (Sporochytrie«)  are  monooarpic,  that  is,  each  produces  but  one  sporan- 
gium ;  whilst  others  are  polycarpio  (HypochytrieaB),  that  is,  each  forms  several 
sporangia.  In  any  case  the  formation  of  reproductive  organs  doses  the  life  of 
the  individual. 

The  zoospores  (and  zoogonidia)  vary  somewhat  in  form,  but  are  generally 
spherical  or  ovoid,  with  either  one  or  two  cilia.  They  are  generally  formed 
directly  from  the  contents  of  the  sporangium  (or  gonidangium),  but  in  Synchy- 
trium  the  contents  undergo  division,  and  escape  from  the  sporangium,  surrounded 
by  a  delicate  membrane,  as  a  group  of  cells  (sorus)  each  of  which  gives  rise  to 
a  number  of  zoospores.  When  the  sporangium  is,  as  is  frequently  the  case, 
formed  within  the  cells  of  a  host-plant,  it  puts  out  a  tubular  outgrowth  which 
reaches  the  surface,  and  thus  the  zoospores  are  set  free,  and,  in  their  turn, 
make  their  way  into  the  tissues  of  a  host. 

A  sexual  process,  of  the  nature  of  conjugation,  has  been  observed  in  some 
forms,  both  of  the  Myxochytridiufe  and  of  the  Myoochytridineie,  but  the 
differentiation  of  the  sexual  organs  as  male  and  female  is  only  rudimentary. 
In  the  former  case  {e.g,  Olpidiopsis)  two  unicellular  individuals  of  unequal  size 
fuse  together,  the  contents  of  the  smaller  (probably  the  male)  passing  over  into 
the  larger  cell.  In  Polyphagus,  one  of  the  simpler  Mycochytridinefe,  one  in- 
dividual extrudes  its  protoplasmic  contents  as  a  naked  sphere  to  which  another 
individual  applies  one  of  its  hyphes  through  which  its  contents  are  oonveyed 
into  the  sphere.  The  product  of  conjugation  is  a  zygospore,  which,  like  the 
thick-walled  sporangia,  gives  rise  to  a  number  of  zoospores  on  germinating  after 
a  period  of  quiescence. 

An  indication  of  an  alternation  of  generations  may  be  traced  in  tlie  life- 
history  of  the  sexual  members  of  the  order.  The  plant  is  the  gametophyte, 
reproducing  itself  by  zoogonidia  formed  in  thin-walled  gonidangia  ;  the  zygo- 
spore is  the  sporophyte,  giving  rise  to  zoospores,  each  of  which,  on  germination, 
gives  rise  to  a  gametophyte. 

This  order  is  one  of  great  systematic  interest,  inasmuch  as  it  shows  affinity 
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to  N)  maoy  other  different  forma.  It  U  allied,  on  tbe  one  hand,  by  the  simple 
Hrxochjtridinee  to  the  MonadioesB,  and  tbns  also  to  the  rest  of  the  Myxomy- 
eetes.  On  the  other  hand  it  is  allied  to  the  simple  Oomycetoos  Phycomyoetes, 
tbe  AncyliBtacefB,  a  group  which  is  sometimes  actually  included  in  the  Chytri- 
diaeec ;  and,  again,  through  such  forms  as  the  CladochytriesB,  to  the  Ustila- 
gines. 

Older  2.  MucorinsB.  Body  an  nnseptate  mycelium,  septa  being  only 
developed  in  connection  with  the  formation  of  reproductive  organs ;  reproduc- 
tion by  gonidia  and  spores,  and  by  zygospores  formed  by  conjugation ;  mostly 
laprophytie,  but  some  are  parasitic  on  other  Fungi. 

The  mycelium  ramifies  in  the  substratum  (Fig.  199).  The  asexual  reproduc- 
Uts  organs  are  developed  as  simple  gonidiophores  which  grow  erect  into  the  air. 
In  the  Mucoracee  the  simple  gonidiophores  are  unbranched,  and  each  bears 


Fia.  199.— Jfueor  Muetdo  t  m  a  mycelinm  bearing  a  simple  gonidiophore  with  a  terminal 
ffonidaDginm  •  ;  8  a  HronidanKinm  much  maffnifled ;  t  the  end  of  the  gonidiophore  dilaied 
into  tbe  colomella  e ;  w  the  wall  of  the  gonidangiam ;  ap  the  gonidia;  s  aygoapore  formed 
bf  the  tatAaa  of  tbe  conteuta  of  two  gametangia. 

it  its  apex  a  single  gonidangium ;  the  gonidiophore  projects  into  the  cavity 
of  the  gonidangium  as  a  columella  (Fig.  199).  In  the  ChietocladieflB  and  the 
PiptocephalideaB  the  gonidiophore  is  branched  and  more  or  less  septate ;  it 
produces  a  number  of  gouidia  by  abstriction  from  the  tips  of  its  branches.  On 
genalDation,  the  gonidium  gives  rise  to  a  mycelium  similar  to  that  from  which 
it  was  deriTed. 

The  gametophorea  are  short  swollen  hyphas ;  by  the  formation  of  a  septum 
Beat  the  tip  of  the  gametophore,  a  terminal  cell  is  produced,  which  is  the 
nxnal  organ  or  gametangium ;  the  protoplasmic  contents  of  tbe  gametangium 
eonstitate  tbe  gamete.  Two  gametophores  from  adjacent  vegetative  byphas 
eome  into  contact  at  their  tips ;  the  walls  of  the  two  gametangia  are  ab.iorbed 
it  the  point  of  contact ;  the  protoplasmic  contents  (gametes)  of  the  gametangia 
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fase  to  form  the  cell  whioh  sarrouods  itself  with  a  coat  of  two  layers  and 
becomes  a  zygospore  (Fig.  200).    A  zygospores  are  freqaentlj  produced,  ex- 
clasively  in  some  cases  {Mucor  negUctus  and  tenuit). 
In  some  forms  the  effect  of  conjugation  extends  to  the  adjacent  hypba ;  thns, 

in  Phyoomyces, 
branched  hyphs 
are  developed, 
after  conjagation, 
from  the  gameto* 
phores,  and  form 
an  incompUte 
covering  to  the 
zygospore ;  uid 
in  Mortierella  the 
adjacent  vegeta- 
tive hyph»  are 
stimulated  to 
growth  and  form 
a  dense  hyphal 
investment  to  the 
zygospore. 

In  many  oases 
the  zygospore,  on 
germination, 
gives  rise  to  a 
small  branched 
or  unbranched 
mycelium,  which 
bears  a  single 
simple  sporo- 
phore  resembling 
the  gonidiophore 
of  the  plant  to 
which  it  belongs. 
The  spores  de- 
rived from  this 
sporophore  give 
rise,  on  germina- 
tion, to  the  large 
mycelium  bearing 
gonidiophores 
and  gameto- 
phores.  In  other 
cases,  however, 
the  zygospore 
gives  rise  to  a 
mycelium  bear 
ing     sexual    or- 


Fie.  200.— Jfucor  Mue^do,  A  Diagram  of  sexual  procofs ;  two 
pametophores  in  contact ;  at  the  end  of  each  gametopbore  a  cell, 
tbe  gametanglom,  has  been  cut  off  by  a  septum ;  »B  commencing 
development  of  the  sygonpore  from  the  fused  gametangia ;  C  ripe 
xjgospore,  still  connected  with  tbe  gametopbores ;  D  free  sygo- 
spore,  sbowing  one  point  of  attachment ;  B  germinating  zygo- 
spore, bearinir  a  small  promycelium,  tbe  sporophyte,  with  a  single 
sporangium  (afier  Brefeld). 
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gana.  In  the  genus  Mortierella  (bo  far  as  is  known),  the  sygospore  does  not 
aetoally  genninate  itself,  bat  a  nomber  of  sporangia  spring  from  the  hypbal 
inTestment  surrounding  it. 

The  xDjeelium,  when  under  unfavourable  conditions,  giyes  rise  to  unicellular 
gemmsB,  either  ehlamydogonidia  or  oidium-cells :  the  latter  multiply  by  gemma- 
tion in  a  yeast-like  manner  (e.g.  Mueor  raeenumut)  and,  like  Teast,  have  the  power 
of  causing  alooholio  fermentation ;  this  takes  place  especially  when  the  hjph» 
are  immersed  in  liquid.  The  hyphas  become  segmented  into  a  row  of  cells  by  the 
formation  of  transverse  septa,  and  the  cells  then  separate  and  become  free. 
The  ehlamydogonidia  are  thick- walled  and  large;  the  oidium-cells  are  smaller 
and  tbin-walled  (see  p.  274). 

The  typical  life-history  presents  an  obvious  alternation  of  generations.  The 
plant  is  the  gametophy  te,  inasmuch  as  it  either  actually  produces  sexual  organs 
(when  it  is  an  actual  gametophyte),  or,  though  capable  of  producing  sexual  organs 
it  does  not  do  so,  owing  to  external  conditions  (when  it  is  a  potential  gameto- 
phyte) ;  the  gametophyte  reproduces  its  like  by  means  of  the  gonidia.  The 
piomycelium,  derived  from  the  zygospore,  is  the  sporophyte,  inasmuch  as  it  is 
incapable  of  producing  sexual  organs.  In  some  cases,  however,  the  sygospore 
gives  zise  to  the  mycelium  bearing  sexual  organs. 
The  Mucorina)  may  be  sub-divided  as  follows : — 

Sub-Order  A,    Sporangiophors :  gonidia  developed  inside  a  gonidangium. 
Fam.  L  Mueoracea :  the  gonidangium  has  a  columella ;  the  zygospore  is 
naked  or  invested  only  by  a  few  loose  hyphss ;  principal  genera, 
Mucor,  Phycomyces,  Sporodinia,  Thamnidium,  Filobolus. 
Fam.  3.  Mortierellea s  the  gonidangium  has  no  columella;  the  zygospore 
is  invested  by  a  compact  mass  of  kyphm :  Mortierella. 
Sub-Order  B.    Conidiophorse :  gonidia  formed  by  abstriction  from  sterigmata. 
Fam.  1.  ChatoeladieiB :  gonidia   developed  singly  on  the  sterigma ;   the 

gametophores  are  straight :  Ghietocladium. 
Fam.  2.  Cephalidea:  several  gonidia  developed  from  each  sterigma;  the 
gametophores  are  curved :  Piptocephalis,  Syncephalis. 
The  Mortierelleie,  Chaatodadies,  and  GephalideaB,  are  for  the  most  part 
paiasitio  on  various  Mucoracee. 

Order  3.  Entomophthoracea.  Body  an  incompletely  septate  mycelium ; 
reproduction  by  means  of  non-motile  gouidia,  and  by  zygospores  formed  by 
conjugation ;  mostly  parasitic  on  insects. 

The  mycelium  ramifies  in  the  body  of  the  insect,  and  in  most  cases  produces 
simple  gonidiophores  which,  after  the  death  of  the  insect,  project  from  its  body, 
each  forming  a  single  gonidium  by  abstriction  at  its  apex ;  the  gonidium  is 
thrown  off  to  a  considerable  distance,  so  that  the  body  of  the  insect  becomes 
Borrounded  by  a  halo  of  gonidia.  This  may  commonly  be  seen  in  the  case  of 
flies  in  the  autumn,  which  are  frequently  attacked  by  a  member  of  this  order 
(Entomophthora  Muscle)  and  remain  sticking  to  window-panes.  The  gonidiam, 
on  germination,  puts  out  a  hypha  which  penetrates  into  the  body  of  another 
insect ;  this  hypha  may  either  grow  directly  into  a  mycelium  in  the  body  of  the 
insect  («.p.  EntomopfuJiora  radicantt  oviiporot  curviipora)\  or  it  may  produce 
by  abstriction  a  number  of  gonidia  which  may  multiply  by  budding  in  a  yeast- 
like manner  within  the  body  of  the  insect,  and  it  is  these  which  produce  my- 
Y.  S.  B.  U 
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celia.  The  mjcelium  beoomes  completely  exhansted  in  fonning  the  gonidiA,  so 
that  when  this  process  is  completed,  both  the  fungus  and  the  insect  are  dry  and 
shrivelled. 

In  some  cases  few  or  no  gonidia  are  formed,  but  zygospores  or  azygospores. 
The  zygospores  are  produced  by  the  protusion  of  transverse  protuberances  be- 
tween two  segments  of  adjacent  hyphie  ;  the  walls  of  these  protuberances  are 
absorbed  at  the  point  of  contact,  the  contents  fuse,  and  the  product  surrouxids 
itself  with  a  proper  wall,  and  constitutes  a  zygospore  {Entomophthora  ovispora, 
and  curvUpora),  In  other  species  spores  quite  similar  to  the  zygospores,  termed 
azygospores,  are  formed,  but.  without  conjugation;  the  azygospores  are  formed 
parth^nogenetically.  On  germination  (as  observed  in  Entomophthora  GryUi), 
the  zygospore  gives  rise  to  a  hypha,  the  pxomycelium,  which  forms  a  gonidium 
at  its  apex. 

The  life-history  of  the  sexual  forms  shows  a  otaur  aliemation  of  generations. 
The  plant  is  the  gametophyte  which,  as  is  so  eonnnonly  the  case  among  the 
Thallophytes,  reproduces  itself  asexually  by  means  of  gonidia,  and  gives  rise  to 
zygospores  as  well.  The  promyoelium  is  the  sporophyte,  as  it  never  can  de- 
velope  sexual  organs  and  produce  zygofqpores.  By  analogy,  in  those  forms 
which  are  not  known  to  produce  zygospores,  the  plant  is  a  gametophyte,  and 
the  sporophyte  is  absent. 

Section  B,     Oomycetes. 

This  section  of  the  Phycomycetes  includes  the  following  orders  : 
Order  1.  Ancjlistaceea :  body  generally  unbranched;  oogonia 
intercalary;  contents  of  oogonium  not  difiFerenti- 
ated   into  oosphere  and  periplasm;  poliinodinm 
functional. 
*  Order  2.  PeronosporacesB :  body  branched ;  oogonia  terminal 
or  intercalary ;  contents  of  oogonium  differentiated 
into  oosphere  and  periplasm;   poliinodinm  func- 
tional. 
Order  3.  SaprolegniacesB :  body  branched  ;  oogonia  generally 
terminal,  rarely  intercalary  ;  contents  of  oogonium 
not  differentiated   into  oosphere   and  periplasm; 
poliinodinm  absent,  or,  if  present,  functionless. 

Order  1.  Ancylistaceae.  This  order  consists  of  a  few  forms  which  are 
parasitic  on  freshwater  AlgSB.  The  body  is  simply  a  tube,  lying  in  the  cell  ot 
the  host.  It  becomes  branched  only  in  some  forms  (Lagenidium),  and  then 
only  in  connexion  with  the  development  of  reproductive  organs.  It  eventually 
beoomes  septate  transversely,  and  each  segment  becomes  a  reproductive  organ, 
either  sexual  or  asexual,  so  that  these  organisms  are  holocarpic  and  mono- 
carpic. 

The  asexual  organs  are  gonidangia,  which,  in  most  cases,  give  rise  to  zoo- 
gonidia ;  but  in  Ancylistes  this  is  not  the  case,  where  the  gonidangium  germin- 
ates as  if  it  were  a  gonidium,  sending  out  a  hypha  which  makes  its  way  into  a 
host. 
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The  sexnal  .organs  are  fairly  differentiated  oogonia  and  poUinodia,  and  it  is 
on  tiiiiaceoQnt*that  tbis  order  is  removed  from  the  GbjtridiaoeaB,  with  which  it 
is  elosely  allied,  and  is  ioeladed  in  the  Oomycetes.  In  fertilisation,  the  whole 
cont«Dt8  of  the  pollinodinm  enter  the  oogoniam  and  fuse  with  the  whole  con- 
teota  of  the  oof^ninm  to  form  an  oospore.  The  plants  are  either  monoecious 
(Myxoejtiom.  Lagenidiaro),  or  dioBoions  (Ancylistes).  The  germination  of  the 
oospore  is  known  only  in  Anoylistes,  where  it  de?elopes  into  a  hypha  which 
bores  into  a  host. 

Order  2.— Peronosporaceae.  The  forms  comprised  in  this  order  are 
mostlj  parsntio,  chiefly  on  Phanerogams,  bat  some  species  of  Pythiam  inhabit 
the  dead  bodies  of  p^nts  and  animals. 

The  asezaal  reprodactiou  of  the  gametopbyte  is  effected,  in  most  forms,  by 
gooidaogia  dereloped  at  the  ends  of  the  branches  of  the  simple  gonidiophores 

(Fig.  201;   Fig.  203    A):   no  such 
organs  have,  however,  been  observed 
''^    V      ..    ^  as  yet  in  Pythium  vexans  or  P.  Arto- 

trogui.  In  some  forms  (Planoblastfe) 
the  gonidauginm  gives  rise  to  zoo- 
gonidia  either  before  or  after  it  has 
fallen  off  the  gonidiophore  (Fig. 
203  £,  C) ;   whilst  in  other  forms 


Tw.  SOI.— P»rt  of  a  aection  of  a  Potnto- 
)e»f  mfsated  by  Phytapktkora  m/Mfon« :  • 
th«  gonidiophore  passing  oat  into  the  air 
throogh  a  itoma ;  e  the  gonidangia. 


Fie.  Vm.—Phytifphthora  omnivora.  An 
oogonium  (O0).  containing  an  oospore 
(ap);  a  a  pollinodinm  which  has  fertilised 
theooephere.  (x400.) 


(Siphoblasts)  it  falls  off  and  germinates  as  if  it  were  itself  a  gonidium, 
growing  oat  into  a  hypha,  and  so  into  a  mycelium. 

Tbe  oogonium  is  spherical,  and  remains  closed  (Fig.  202).  The  protoplasmic 
contents  undergo  differentiation  into  a  single  oosphere  which  is  surrounded  by 
tbe  lemainder  of  the  protoplasm,  the  periplasm.  The  oosphere  is  multi- 
nacleate  in  some  forms,  though  it  has  been  described  as  ultimately  uninucleate 
in  Pytbiam. 

Tbe  pollinodinm  is  developed  termioally,  either  on  a  hypha  springing  from 
beneath  the  oogonium,  or  on  an  adjacent  hypha,  and  is  club-shaped.  Its  pro- 
topUsmie  contents  undergo  differentiation  into  a  male  cell  (aplanogamete)  and 
Jnto  peripbwm. 

At  the  time  of  fertilisation,  the  poUinodium  is  closely  applied  to  the  oogonium 
ttd  sends  out  a  delicate  tube  which  penetrates  through  the  wall  of  tbe 
o<)9oninffl  and  reaches  the  oosphere.  The  tube  then  opens,  and  the  male  cell 
PMMs  oat  of  the  pollinodinm  into  the  oosphere  and  fertilises  it.  The  oosphere 
Hien  sononnds  itself  with  a  proper  wall  and  becomes  the  oospore.    In  some 
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genera  (Peronospora,  Cystopus)  an  external  ooat,  the  episporium  or  permitm,  if 
formed  rovnd  the  oospore  from  the  periplasm. 

The  germination  of  the  oospore  takes  place  in  different  ways  in  different 
species.  In  Phytopkthora  omnivora  and  Pythium  proliferum  it  gives  rise  to  a 
small  mycelinm  (promyoeltam)  which  prodaces  a  few  spores,  from  which  sexual 
plants  are  developed.  In  other  species  (e,g,  Cyitopui  Candidas)  the  contents  of 
the  oospore  are  set  free  as  a  number  of  zoospores.    In  yet  other  epeoies  (e.g. 

Pythium  di'Baryanum,  Pyth- 
ium Artotrogut,  Peronotpora 
VaUrianellii)t  the  oospore  di- 
rectly givea  rise  to  a  sexnal  plant. 
The  life-history  of  most  of 
the  Peronosporacete  presents  an 
alternation  of  generations.  In 
all  cases  the  plant  is  the  game* 
tophyte.  In  those  species  in 
which  the  oospore  gives  rise  to 
a  promyceliom,  the  promycel- 
iam  is  the  sporophyte ;  in  those 
in  which  the  oospore  gives  rise 
to  zoospores,  the  oospore  itself 
represents  the  sporophyte ;  and, 
finally,  in  those  in  which  the 
oospore  at  once  gives  rise  to 
a  sexual  plant,  the  isporophjte 
is  altogether  unrepresented. 

The  PeronosporaoesB  may  be 
subdivided  as  follows : — 
Platwblaita :  —  the  gonidan- 
gia  g:ive8  rise  to  zoo- 
gonidia  on  germination : 
Cystopas,  Pythium,  Phy- 
tophthora,  etc. 
Siphoblasta: — the  gonidan- 
gia  germinate  as  if  they 
were  gonidia,  giving  rise 
to  a  hypha :  Perono- 
spora,  Bremia. 
There  is  a  doubtful  genus, 
named  Monoblkphabis,  pro- 
bably allied  to  the  Perono- 
sporacese,  which  ia  remarkable 
in  that  the  male  organ  ia  an  an- 
theridium,  since  it  gives  rise  to  a  number  of  uniciliate  spermatozoids,  and  in 
that  the  oogonium  opens  at  the  apex  to  permit  the  entrance  of  the  spermatozoid 
to  the  single  oosphere.  The  antheridium  is  a  cell  just  behind  the  oogonium, 
which  is  terminal.  The  oosphere  is  formed  from  the  entire  protoplasmic  con- 
touts  of  the  oogonium.    The  mycelium  also  bears  gonidangia,  which  give  riae  to 


Fio.  203.— il  Surface- view  of  the  epidermis  of  a 
Potato-leaf  with  the  goaidiophoree  of  Phytophthora 
infe$tant  projecting  out  of  the  stomata  ( xOO).  B  A 
ripe  gonldaDf^inm.  0  Another  undergoing  divi- 
sion. D  A  zoogonidiuxn.  (xMO:  after  Strasburger.) 
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zoogonidia.  The  germinaiioii  of  the  oospore  has  not  been  obserrecl.  These 
obserrttions  require  confirmation ;  if  they  are  aooarate,  Monoblepharis  is  the 
only  FoDgos  which  has  spermatozoids,  and  an  oogonium  whioh  opens. 

In  the  genns  Peronospora,  which  is  represented  bj  many  species  (P.  para- 
ritUa  on  Capsella,  P.  ealotheea  on  Rabiaces,  etc.),  only  one  gonidanginm  is 
bone  by  etch  branch  of  the  gonidiophore  whioh  protrudes  through  a  stoma. 
In  Phytophthora  the  gonidaogia  are  displaced  laterally  by  branches  which  arise 
from  the  hyph»  bearing  the  gonidangia,  at  their  points  of  origin.  To  this  genus 
belongs  P.  infeatam,  which  produces  the 
potato-disease.  The  tissues  of  the  host  im- 
dergo  decomposition  in  the  infected  parts  and 
torn  black :  the  mycelium  of  the  Fungus  ex- 
tends from  the  circumference  of  these  spots, 
and  throws  up  gonidiophores  through  the 
Btomata  (Fig.  203).  The  gonidangia  of  the 
parasite  are  carried  by  the  wind  to  benltby 
plants  and  infect  them :  the  zoogonidia  also 
penetrate  through  the  soil  to  the  tubers,  and 
the  mtoelium  which  is  developed  from  them  ex- 
tends into  the  young  Potato-plant  which  grows 
from  the  tuber.  No  sexual  reproductive  organs 
have  been  observed  in  this  Fungus  as  yet. 
Phytophthora  omnivora  infects  and  destroys 
the  aeedlings  of  the  Beech  and  other  plants. 
In  Gystopus  (C.  candidut  on  Capsella  and  other 
Cnieifers,  C.  eubUui  on  Composite)  gonidio- 
phores bearing  numerous  gonidangia  are  formed 
in  great  numbers  close  together  under  the  epi- 
dermis, and  cause  its  rupture. 

Order  3.  — Saprolegniaceae.  The  Sapro- 
legniaces  all  live  in  water,  and  are  mostly 
Mprophytic,  though  some  are  parasitic;  one 
species  causes  the  Salmon- disease. 

Asexual  reproduction  of  the  gametophyte  i» 
effected  entirely  by  zoogonidia,  hot  in  Aplanes- 
Draunii  they  are  not  set  free  but  germinate 
vithin  the  gonidangium ;  they  are  formed  in 
tenninal  but  not  otherwise  e^ecially  differen- 
tiated gonidangia  (Fig.  204).  On  coming  to 
rest  they  germinate  to  form  a  mycelium. 
Thej  are,  in  some  forms,  surrounded  by  a  thin 
cell-wall  at  their  first  formation. 

The  oogonia  and  poUinodia  (when  present) 
resemble  those  of  the  PeronosporacesB.  The 
nnmber  of  oospheres  in  the  oogonium  varies 
vidtly  in  different  iodividuals;  sometimes  there  is  only  one  (Leptolegnia, 
Aphauomyces) ;  but  as  a  rule  there  are  many,  as  many  as  30-40 ;  in  either 
caae  they  are  developed  from  the  whole  of  the  protoplasm  of  the  oogonium. 


Fte.  SOi. — Gonidanginm  of  an 
Achlja.  A  Closed.  B  The  zoo- 
gonidia are  escaping ;  c  a  lateral 
branch ;  a  zoogonidia  jnst  es- 
caped ;  b  empty  membranes ; 
•  swarming  soogonidia.  (x  660: 
after  Sachs.) 
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The  male  and  female  sexaal  organs  are  oommonly  borne  on  the  same  hypha, 
but  in  some  cases  {e.g.  Saprolegnia  dioiea  and  anUospora)  this  is  not  the  esse ; 
however,  it  is  not  clear  that  these  species  are  actually  dioecioas.  In  some 
species  {Saprolegnia  Thuretit  toruloMa,  moniUfera^  and  Aehlya  iUllata)  no  male 
organs  are  dcYeloped  as  a  rule ;  in  others  {Saprolegnia  mixta^  Aehlya  epijuna) 
they  are  as  often  absent  as  present;  in  others  they  are  freqaently  absent 
{Aphanonujeet  itellatuSt  Saprolegnia  hypogynit  Aplanet  Braunii) ;  in  others, 
finally,  they  are  always  present  {Aehlya  Tactmo$a  and  polyandra,  Saptx>Ugnia 
monoica). 

When  pollinodia  are  present,  they  are  closely  applied  to  the  oogonium ; 
sometimes  several  are  applied  to  one  oogonium.  In  some  forms  {e.g.  Sapro- 
legnia asterophora)  the  pollinodinm  undergoes  no  change,  or  it  sends  out  a 
short  tube  which  enters  the  oogonium  but  does  not  touch  the  oospheres.  In 
most  others  the  poUinodium  sends  out  one  or  more  tubes  which  enter  the 
oogonium  and  come  into  close  contact  with  the  oospheres.  But  in  all  cases 
the  tubes  remain  closed,  and  no  act  of  fertilisation  has  been  observed.  The 
oospheres,  however,  all  become  oospores;  but  since  there  is  apparently  no 
fertilisation,  this  change  is  produced  parthenogenetically. 

The  germination  of  the  oospores  presents  the  same  variations  as  in  tbe 
Peronosporaceie.  The  life-history  of  the  Saprolegniaoea  is  therefore  essentially 
the  same  as  that  of  the  Peronosporace^. 

The  principal  genera  are  Saprolegnia,  Aohlya,  Aphanomyces,  IHetjncbus, 
Aplanes,  Apodya. 

Snb-Class  IV.— ASCOMYCETES,  This  sub-class  includes  a 
vast  number  of  forms,  both  saprophytes  and  parasites.  Some  of 
them  (e.g.  Penicillium  glaucnm,  EfiroUum  Aspergillus)  are  familiar 
as  the  blue  or  green  moulds  appearing  on  jam,  old  boots,  etc. ; 
others  (Erysiphe»)  as  mildew  on  roses,  etc :  Cordyceps  infests 
the  larv89  of  insects. 

On  the  assumption  of  the  sexuality  of  the  Ascomycet-es  (see  p. 
279),  the  life-history  of  typical  members  of  this  group  presents  a 
well-marked  alternation  of  generations  ;  the  plant  is  the  gamete- 
phyte;  the  ascocarp  is  the  sporophyte;  an  alternation  which  is 
the  same  as  that  of  the  Rhodophyceee  among  the  Algss.  The 
similarity  is  further  emphasised  by  the  fact  that,  as  in  the 
RhodophycesB,  the  gametophyte  may  be  potential.  In  some  cases 
•the  life-history  is  complicated  by  the  polymorphism  of  the  game- 
tophyte, which  includes  in  its  life-history  one  or  more  entirely 
asexual  gonidia-bearing  forms.  These  various  life-histories  are 
briefly  illustrated  by  the  following  examples. 

I.  The  gametophyte  produces  fU)  gonidia  (e.g.  Eremascus  alhus, 
GymnoascuSy  most  Asc*omycetous  Lichen-fungi,  Ascoholus  furfur^ 
acetitf,  Pyronema).     In  these  the  life-history  is  perfectly  simple, 
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consisting  in  an  alternation  between  the  plant  bearing  sexnal 
oigans  (gametophyte)  and  the  ascocarp  (sporophyte).  On  germina- 
tion the  spores  (ascospores)  produced  in  the  ascocarp  give  rise  to 
the  sexual  plant. 

2.  The  gametophyte  produces  gonidia  but  not  on  a  special  form  (e,g^ 
ErjsipheflB,  Enrotinm,  Penicillinm).  In  these  the  gametophyte  re- 
produces itself  by  means  of  gonidia;  in  the  ErysipbesB  and  Euro- 
tium  the  gametophyte  generally  jHX)duces  sexual  organs  eventually, 
that  is,  it  generally  becomes  sji  actual  gametophyte ;  in  Penicillinm 
the  formation  of  sexual  organs  takes  place  only  exceptionally 
under  special  conditions,  so  that  many  successive  generations  of 
potential  gametophytes  may  be  produced  by  means  of  gonidia 
before  an  actual  gametophyte  makes  its  appearance.  This  may 
occur  also  in  the  Erysipheao. 

3.  The  gametophyte  produces  gonidia  and  is  polymorphic.  This 
life-history  can  be  clearly  traced  in  Claviceps  purpurea,  the  Ergot 
of  Bye.  The  mycelium  is  developed  in  the  ovary  of  the  Bye- 
flotrer,  and  forms  a  continuous  layer  of  hyphse,  a  compound  gonid- 
iophore,  at  the  surfaco,  from  which  immense  numbers  of  gonidia 
are  formed  by  abstriction,  imbedded  in  a  mucilaginous  substanoe 
known  as  Honey-dew.  This  substance  is  eaten  by  insects,  and 
thos  the  gonidia  are  carried  to  other  flowers  and  there  reproduce 
the  fungus.  This  is  the  Sphacelia-form.  When  the  rye  is  ripen- 
ing, the  mycelium  forms  a  dense  sclerotium  (see  p.  275),  fusiform, 
aboDt  an  inch  long,  of  a  dark  purple  colour  at  the  surface.  This  is 
the  Ergot,  and  it  remains  dormant  until  the  following  spring.  On 
germination  the  sclerotium  gives  rise  to  several  filaments  termed 
ttronuUoj  about  an  inch  long,  each  composed  of  a  strand  of  hyphsd, 
which  bear  a  swollen  knob  at  their  apices  (Fig.  212).  All  over 
the  surface  of  the  knob  are  a  number  of  depressions,  in  each  of 
which  there  is  an  ascocarp  (perithecium)  containing  a  number  of 
uci,  and  in  each  ascus  there  are  eight  filiform  ascospores.  The 
ascospores  are  carried  by  the  wind  to  the  Rye-flowers  and  there 
give  rise  to  the  Sphacelia-form.  A  somewhat  similar  life-history 
is  that  of  Peziza  Sdorotiorum,  though  the  alternation  of  the  two 
forms  of  the  gametophyte  is  not  so  regular :  the  asexual  form  of 
the  gametophyte  (which  corresponds  to  the  Sphacelia-form  of 
Claviceps)  bears  simple  gonidiophores  and  is  known  as  Botrytis 
einerea. 

In   some   cases   only    gonidia-bearing  forms    are  known   {e.g/ 
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Aspergillus  clavatus^  JBotrytis  Bassiif  species  of  Isaria,  Cladospcfrium 
Herharuniy  etc.). 

The  Eeproduciive  Organs  of  the  Oametophyte  are  asexual  and 
sexual. 

The  asexual  organs  are  gonidiopbores,  either  simple  or  compound 
(see  Figs.  205,  211),  branched  or  unbranched ;  the  gonidia  are 
formed  by  abstriction  from  short  tubular  outgrowths  of  the  un- 
branched,  or  of  the  terminal  cells  of  branches  of  the  branched, 
gonidiophore^  termed  sterigmata.  In  many  cases  the  gonidiophores 
are  collected  into  special  receptacles  termed  pycnidia. 

The  sexual  organs  are  modified  hyphsB.  They  may  be  unseptate 
(e.g.  EremasGus^  Eurotium  Aspergillus^  Pyronema),  or  septate  {e.g. 

Ascobolus,  Gollema)  ;  they  may  be 
quite  similar  (e,g.  Eremascus)  or 
more  or  less  differentiated;  they 
may  come  into  close  contact  {e.g. 
Eremascus,  Eurotium,  Pyronema), 
or  they  are  developed  at  a  distance 
from  each  other  {e.g.  Collema, 
Polystigma). 

When,  as  in  Eremascus,  the 
sexual  organs  are  undifferentiated, 
no  special  names  are  given  to 
them ;  but  when  they  are  differen- 
tiated the  female  organ  is  termed 
an  archicarp,  and  the  male  organ 
a  pollifMdium  when  developed  close 
to  the  female  organ,  or  a  sierigma 
when  developed  at  a  distance 
from  it. 

In  some  forms  {e.g.  Gollema,  Pyronema)  the  archicarp  consists 
of  two  parts ;  a  receptive  portion,  filamentous  in  fonz^  the  tricho- 
gyne;  a  fertile  portion,  the  ascogonium  (compare  Bhodophycete, 
p.  268).  In  the  simpler  forms,  the  trichogyne  is  absent  {e.g. 
Eurotium,  Erysiphese,  Ascobolus),  the  archicarp  consisting  solely 
of  the  ascogonium.  The  form  of  the  ascogonium  is  either 
filamentous,  sometimes  spirally  coiled  {e^g.  Collema,  Fig.  208, 
Eurotium,  Fig.  211);  or,  it  is  dilated,  and  spherical  or  oval 
{e.g.  Pyronema,  Fig.  207,  Erysiphese). 

The  pollinodium  may  be  filamentous  {e.g.  Eurotium),  or  dilated 
and  club-shaped  {e.g.  Pyronema,  Erysipheea). 


Fia.  908.  —  Gonidiophore  of  P«nici?- 
Itum  glaueam :  •  a  row  of  gonidia  on  a 
Bterigzna ;  m  byph*  of  the  mycelium. 
(>cl60.> 
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The  sterigmata  are  borne  in  receptacles  termed  spermogonia. 
The  spermogoninm  consist<8  of  a  wall  formed  of  coherent  hyphaB 
from  which  a  number  of  free  hjphffi,  the  sterigmata,  grow  into 
the  interior  and  produce,  by  repeated  abstriction  at  their  apices, 
a  number  of  small  rod-shaped  cells,  the  spermatia,  with  a  cell- 
wall,  which  seem,  in  some  cases,  to  be  the  male  cells  (see  p.  277). 
These  cells  reach  the  surface  through  the  small  opening  of  the 
spermogonium. 

Whilst  it  is  tnie  that,  in  very  many  eases,  the  spermatia  genninate  like 
gonidia,  this  does  Dot  absolutely  prove  that  they  may  not  be  imperfect  or  de- 
generate sexual  cells ;  the  independent  germmation  of  undoubted  male  cells  is 
Dok  oneommon  in  the  Algas  (p.  226). 

A  process  of  fertilisation  has  not  been  observed  in  all  forms  in 
which  sexual  organs  are  present ;  but  it  has  been  observed  in  the 


7i«.  206.— Sflxnal  Teprodaction  of  frctnoaous  aVnu,  A  BezniU  organs  in  contact.  B 
Fukm  of  the  organs  at  the  apex,  with  developing  aacocar p.  C  Mature  ascocarp,  consisting 
of  a  single  aacna  cout*ining  eight  ascosporeB.    (  x  1000 :  after  Kidam.) 

following  cases  which  are  representative  of  the  various  modes  in 
which  it  may  take  place. 

In  Eremascus  (Fig.  206)  the  apices  of  the  undifferentiated 
sexnal  organs  come  into  contact,  and,  the  cell-walls  being  absorbed 
at  the  point  of  contact,  the  protoplasmic  contents  fuse. 

In  Pyronema  the  trichogyne  comes  into  close  contact  with  an 
adjacent  pollinodium;  the  cell- walls  become  absorbed  at  the  point 
where  the  apex  of  the  trichogyne  pi*es8es  against  the  pollinodium, 
and  the  contents  of  the  two  organs  fuse  (Fig.  207). 

In  Collema  (Fig.  208)  it  appears  that  the  spermatia  are  brought, 
hy  means  of  water,  into  contact  with  the  projecting  trichogyne ; 
one  of  them  adheres  to  the  trichogyne  ;  the  cell- walls  are  absorbed 
at  the  point  of  contact,  and  the  protoplasm  of  the  spermatium 
eqiers  the  trichogyne. 

It  is  probable  that,  in  consequence  of  sexual  degeneration,  the 
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sexual  organs  are  f  anctionless  in  the  majority  of  those  Ascomycetes 
in  which  both  kinds  of  them  are  present.  In  some  forms  sexual 
degeneration  has  proceeded  so  far  that  no  male  organ  is  developed 
(e.g.  ChaBtominm,  Melanospora)  ;  in  others  there  is  not  only  no  male 
organ,  bat  the  female  organ  is  either  mdimentarj,  being  re- 
presented only  by  a  strnctare  known  as  Woronin*s  hypha  (^e.g. 
Xylaria),  or  cannot  be  detected  at  all  (e.g.  Claviceps,  Pleospora) . 
The  Reproductive  Organs  of  the  Sporophyte. — The  sporophyte  ia 


Fxo.  207.— Sexual  reprodactlon  ta 
PyroiunM  eon/(u«iu :  c  archicarp  with 
trichogyne  (t)  which  has  fuoed  with  the 
poUinodiam  a.  ( x  900 :  after  Kihlman.) 


Fto.  208.— Section  of  the  homoiomeroos 
thai  las  of  Oonema(a  Lichen) :  a  the  aaeogo- 
niiim;  %  the  trichogjme;  h  the  hypha;  n  the 
algal  fllaments<Nostoc).  (  x  350 :  after  Stabl). 


a  frnctification  termed  the  ascocarp^  which  (assuming  its  sexnal 
origin,  p.  279)  corresponds  to  the  cystocarp  of  the  Rhodopbycefle. 
In  those  Ascomycetes  in  which  there  is  an  archicai-p,  the  ascocarp 
is  developed  directly  or  indirectly  from  that  organ,  either  as  the 
result  of  fertilisation,  or  parthenogenetically,  in  those  forms 
respectively  in  which  a  scxoaI  process  does  or  does  not  take  place. 
When  no  archicarp  is  present,  or  when  it  exists  in  only  a  rudi- 
mentary form  (Woronin*s  hypha),  the  ascocarp  is  developed 
directly  from  the  mycelium. 

The  simplest  form  of  ascocarp  is  found  in  Eremascus  (Fig.  206). 
After  the  sexual  process  has  taken  place,  a  large  spherical  cell  is 
formed  at  the  point  of  junction  of  the  two  sexual  organs.  This  cell 
is  an  ascus,  and  produces  within  it  eight  ascospores.  Here  the 
whole  ascocarp  consists  of  a  single  naked  ascus. 

The  ascocarp  of  Podosphsera  (one  of  the  Eiysiphe©)  is  but  little 
more  complex  than  that  of  Eremascus.  Here  likewise  the  archi- 
carp gives  rise  directly  to  a  single  ascos ;  but  an  investment  is 
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formed  rotiiid  the  developing  ascns  by  the  growth  roand  it  of  Tiyphas 
from  the  adjacent  mycelium,  which  cohere  to  form  a  layer  of 
parenchymatous  tissue. 

In  the  majority  of  forms  the  development  of  the  ascocarp  is  in- 
direct. The  archicarp  gives  rise  to  a  greater:  or  smaller  number 
of  filaments,  branched  or  unbranched,  the  ascogenous  hijphce  (which 
closely  correspond  to  the  ooblastema-filaments  of  the  Rhodophyce®, 
see  p.  270),  fi'om  which  the  asci  are  formed  as  branches,  and  which 
together  form  a  compound  sporophore.  The  asci  are  developed 
close  together,  forming  a  hymeniul  layer  or  group,  and  may  or  may 
not  be  enclosed,  either  completely  or  partially,  by  an  investment 
formed  from  the  surrounding  mycelium.  In  the  latter  case,  vege- 
tative hyphsa  grow  in  among' the  ascogenous  hyph»  and  terminate 
in  a  number  of  sterile  filaments,  the 
paraphysesf,  which  are  situate  in  the 
hyroenial  layer  between  the  asci^ 

The  following  forms  of  ascocarp 
may  be  distinguished  amongst 
those  which  have  a  cellular  invest- 
ment : — the  eletstothedum ;  the  in- 
vestment remains  closed  until  it 
decays  and  ruptures   ta  permit  of  Fie.  200.— il  Ascocarp  of  UneinnU  m. 

the  escape  of  the  aSCOSporeS  (see  ^"^^  (Bry»iphe«B).  sUghtly  magnified : 
11.        rtrJT  ^^-iN      .1  '.r      •  in  mycelium ;/  cleistotheciiim ;   h  in- 

llgS.  209,  211)  :   the  perithecium;  a       nesting  fllamoDts.   B  An  aecnafrom  the 
narrow  aperture  is   developed  op-       cleistothecium,  containing  eight  aaco- 
..,.,       ,  •11  /  tporea  (more  highly  magnified). 

posite  to  the  hymenial  layer  (see       ^ 

f'lfi^.  212) :  the  apothecium ;  the  investment  is  somewhat  saucer- 
shaped,  so  that  the  hymenial  layer  is  fully  exposed  (see  Fig.  213). 
The  ascus  is  in  all  cases  unicellular.  It  may  be  either  spherical 
(e,g,  Eremascus,  Eurotium),  or  oval,  or  club-shaped  (e.g,  Peziza) 
in  form.  In  some  cases  the  ascospores  are  ejected  with  consider- 
able force ;  in  others  they  are  set  free  on  the  mucilaginous  degene- 
ration of  the  wall  of  the  ascus. 

The  ascopores  are  formed  by  free  cell- formation  (see  Fig.  80,  p.  122) 
from  a  portion  only  of  the  protoplasmic  contents  of  the  ascus,  pre- 
ceded by  nuclear  division.  The  unused  portion  of  the  protoplasm  is 
termed  the  epiplasm,  and  is  rich  in  a  carbohydrate  called  glycogen. 
In  nearly  all  cases  eight  ascospores  are  formed  ;  in  some  cases  each 
of  the  eight  spore- rudiments  undergoes  division  to  form  a  com- 
pound spore  {e,g.  Hystenum,  Pleospora,  etc.),  the  cells  of  which 
may  either  separate  or  remain  coherent.     The  form  of  the  asco- 
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spore  is  spherical,  or  oval,  or  rarely  filamenions  {e,g.  Glaviceps, 
Fig.  212).  The  wall  generally  consists  of  ezosporinm  and  endo- 
sporinm :  ^he  protoplasm  generally  contains  oil-drops. 

The  germinating  ascospore  usually  gives  rise  directly  to  the  game- 
tophytic  mycelium ;  l?ut  in  some  forms  {e.g.  Polystigma)  it  gives 
rise  to  a  promycelium  bearing  small  gouidia,  termed  gporidia^  and  it 
is  from  the  sporidinm  that  the  gametophytic  mycelinm  is  developed. 

The  Asoomyoetes  may  be  clagsified  as  follows : — 

Order  I. — GymnoascesB  :  asoi  withoat  any  investment,  or  with  only  a  rodi- 
mentary  investment,  either  solitary,  or  forming  a  hymenial  layer. 

The  typical  members  of  this  gronp  are  Eremascas  (Fig.  206),  Oymnoaseos, 
and  Exoascas  parasitic  on  various  trees. 

It  is  now  castomary  to  place  in  this  order  the  family  of  the  Sacchabomtcxtes, 
or  Yeast-Fangi,  which  is  familiar  on  acooont  of  the  alcoholic  fennentation  of 
saccharine  solutions  which  some  of  its  members  excite  {e.g,  Saccharomycet  Cere- 
vitia  used  in  brewing,  and  S,  ellipioideutt  which  causes  the  fermentation  of  the 
grape-jaice  in  the  manofactare  of  wine).  The  plant  is  nsnally  a  single  small 
spherical  or  oval  nucleate  cell,  and  multiplies  rapidly  by  budding  (Fig.  210). 
When  budding  is  proceeding  very  rapidly,  the  suc- 
cessive cells  may  remain  coherent  for  a  time ;  but  a 
true  myoelium  is  only  rarely  found,  as  in  5\  Mtfc^ 
derma,  which  forms  a  scum  on  decomposing  wine 
and  beer. 

Under  certain  conditions,  particularly  the  absence 
of  a  sufficient  supply  of  food,  the  plant  forms  spores. 
Fio.  210.— Growing  cells      Usually  four  spores  are  formed  in  a  cell,  by  free 
of    YeaBt    (SaeeharomycM      cell-formation,  from  a  portion  of  the  protoplasm,  the 
CtrevUiai) ;  the  clear  Bpaoes      ^^  remaining  as  a  parietal  layer  of  epiplasm.    The 
in  the  cells  are  vacuolefl.  ,    ,  ,  T  ,  , 

(x  30O.)  spores  surround  themselves  with  a  membrane,  and 

are  set  free  by  the  disorganisation  of  the  wall  of  the 
cell.  The  spores  retain  their  vitality  under  conditions,  such  as  desiccation, 
absence  of  food,  extremes  of  temperature,  etc.,  which  would  prove  fatal  to  the 
Yeast-plants.  The  spores  germinate,  on  attaining  appropriate  conditions  of 
moisture  and  temperature,  and  give  rise  to  Yeast-cells  by  budding. 

Inasmuch  as  the  formation  of  the  spores  in  a  Yeast-oell  takes  place  in  the 
same  manner  as  the  formation  of  spores  in  an  ascus,  the  Yeast-cell  may  be  re- 
garded as  an  ascus.  It  is  on  this  account  that  the  Sacoharomycetes  are  in- 
cluded in  the  Ascomycetes,  and  in  the  Gymnoasces  on  account  of  their  naked 
asci.    They  are,  however,  reduced  and  sexually  degenerate  forms. 

It  must  be  home  in  mind  that  cells  very  similar  to  those  of  the  true  Sacoha- 
romycetes, multiplying  in  the  same  manner,  and  often  capable  of  exciting  the 
alcoholic  fermentation  of  sugar,  may  be  formed  by  gemmation  from  the  gonidia 
of  various  kinds  of  higher  Fungi  {e,g.  Mucor  racemonu,  Penieillium  fflaueumt 
some  EntomophthoracefB,  Ustilaginea,  and  Basidiomyoetes)  nnder  special  con- 
ditions. These  Yeast-like  cells,  however,  grow  into  mycelia  nnder  appropriate 
treatment.  However,  it  is  still  a  question  whether  all  the  forms  of  Saccharomy- 
cetes  may  not  be  merely  secondary  gonidial  forms  or  gemme  of  mycelial  Fungi. 
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Older  II. — Pyrenomycetes :  asoi  forming  a  hymenial  layer,  with  an  invest- 
fflent ;  the  aaoooarp  is  either  a  oleiBtotheciam  or  a  peritheoiam ;  a  stroma  is 
present  in  some  families. 

The  ascocarp  ia  a  deistotheoiam  in  the  suh- order  Perisporiaoeaa,  indnding 
the  families  Erysiphes  (the  Mildews)  and  Perisporieie  (e.g,  Earotium  and 
PeoicUliam) ;  in  these  families  there  is  no  stroma. 

In  this  order  the  Taberaces,  Traffles,  may  be  included  {e.g.  Tuber  attivum. 


Fi«.  &l.->I«inotiuii»  T»p0nM,  A  A  portion  of  the  mycelinm  with  a  simple  fironidiophore 
(e)  betring  fonidia ;  the  gonidiA  have  already  fallen  off  from  the  Bterigmata  (nt) ;  (u.  a 
yoong  uoogODinm.  B  ABCogoninm  ((u)  with  a  pollinodiam  (p).  C  Another,  with  hjpbn 
growing  op  roond  it.  DA  olei«totheoiam  aeon  on  the  exterior.  E  F  Sections  of  unripe 
cleistotbeda;  w  the  investment;  /  aacogenoos  hypha  arising  from  the  ascogonium, 
which  SQbieqently  bear  the  aaci.    O  An  aaoos.    M  A  ripe  ascoapore.    (Magnified :  after 

8Mbt.) 

irumale^  eto^  Elaphomyce$  granulattu) ;  the  only  reproductive  organs  which  they 
tre  known  to  possess  are  the  large  cleistothecia  which  have  a  complex  Btrocture. 
The  asoocarp  is  a  perithecium  in  the  sub-orders  Hypocreaceie  {e,g.  Polystigma, 
HeUnospora,  Nectria,  Epichloe,  Claviceps,  Cordyceps),  Sphseriaceae  {e.g.  Chseto- 
miam,  Sordaria,  Xylaria,  Hypoxylon,  Pleospora,  Sphsrella),  and  Dothideaceie : 
t  itioma,  which  varies  much  in  form,  is  frequently  present. 
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.  Among  the  simple  forms  with  free  peritheci*  may  be  mentioned  the  genera 
Chstominm ;  Bordaria ;  Triohospbaria  ;  Spherella,  many  species  of  which 
appear  on  dead  leaves  as  black  spots;  Calosphieria,  which  forms  its  long 
slender  perithecia  in  gronps  on  the  wood  and  bark  of  oherry- trees  (C.  Prineep$); 
Pleospora  ;  Massaria ;  etc. 

In  the  compound  forms,  those,  that  is,  which  have  a  stroma,  the  stroma 
forms  warty  incrustations  or  patches  of  irregular  outline,  which  ha?e  a  punct- 
ated appearance  owing  to  the  numerous  openings  of  the  perithecia :  Diuirype 


Fie.  212.— CIavte«ps  purpurea.  A  A  sclerotiam  (c)  bearing  stromata  (x  2).  B  Section 
of  a  stroma;  cp  the  perithecia.  C  A  perithecimn  more  highly  magoifled.  D  An  ascoB 
riiptared ;  the  elongated  iipcrea  («r)  are  escaping.    (After  Sachs.) 


diiciformxB,  which  forms  black  warts  as  large  as  peas,  belongs  to  this  group,  it 
is  very  common  on  dead  boughs ;  also  Nectria  cinnabar ina,  which  has  a  bright 
red  stroma,  and  occnrp  on  many  kinds  of  dead  wood  ;  Nectria  ditissima  causes 
a  disease  on  the  branches  of  Beech- trees.  In  other  cases  the  stroma  developes 
into  an  upright  club-shaped  or  branched  tufted  body,  like  the  stromata  of 
Xylaria,  for  instance,  which  occur  very  frequently  on  the  trunks  of  trees ;  of 
Gordyceps,  which  grow  from  the  bodies  of  insects ;  of  Claviceps,  which  spring 
from  the  Ergot-sclerotium  {^ee  p.  295).  In  most  forms,  the  stroma  bears  a 
crop  of  gonidia  before  it  developes  the  perithecia. 

Order  III. — Discomycetes  :  the  asoocarp  is  an  apothecium  of  various  form ; 
a  stroma  sometimes  present. 

The  order  may  be  divided,  according  to  the  form  of  the  apothecium,  into  the 
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tvo  salM>rdera  Pezizaces  and  Helvellace®.  In  the  former  the  apothcdnm  is 
cup-shaped,  the  hymeniam  covering  the  concave  surface,  and  is  closed  in  the 
early  stages  of  its  development ;  in  the  latter  the  apothecium  is  borne  on  the 
convex,  smooth  or  reticulate  surface  of  an  erect  stroma. 

The  sub-order  Pezizaces  includes  several  families,  the  PhacidiesB,  Pezizee, 
Bolgarieaa,  etc.  As  representative  may  be  mentioned  RhyUima  AeeHnum,  the 
mycelinm  of  which  infests  the  leaves 
of  the  Maple,  but  the  development 
of  the  apothecium  does  not  take 
place  until  after  the  leaves  have 
fallen;  and  other  similar  forms 
which  inhabit  the  leaves  of  the 
Silver  Fir,  Spruce,  and  other  trees  : 
Aseobolns,  which  grows  on  dung: 
the  various  species  of  Peziza,  with 
brightly  coloured  apothecia,  growing 

oorotUDgwood.  etc :  Bulgaria, with         '"•••"»•  -  I^K*'«d'"«l  *^<"  »'  f* 
,    .  ,      .  ^  apntheciam  of  Petua  convexula:    h  the  by- 

a  geUtmous  apothecium,  growing  on       meniuxn.    (After  Sachs.) 
dead  branches  of  the  Oak. 

The  sub-order  Helyellaceie  includes  the  genera  Morohella  (the  Morell,  escu- 
lent), Gyromitra,  Helvella,  etc. 

Sub-Class  V. — ^ciDiOMTCETES.  This  sub-class  includes  a  con- 
siderable number  of  parasitic  plants  known  as  Rusts  and  Smuts. 
They  are  charactensed  by  their  remarkably  complex  life- history, 
due  to  the  polymorphism  of  what  represents  the  gametophyte, 
which  presents  two  or  more  gonidia-bearing  forms :  and  by  the  fact 
that  neither  gonidia  nor  spores  are  developed  in  the  interior  of  a 
sporangium  or  gonidangium,  but  are  formed  by  abstriction.  A 
sporophyte  is  indicated  in  one  order  of  the  sub- class,  but  not  in 
the  other,  and  this  constitutes  the  essential  di£Perence  between 
them;  it  is  indicated  by  the  fructification  which  is  termed  an 
^cidium.  Whilst,  as  a  matter  of  fact,  it  is  not  certainly  known 
that  the  plants  in  question  have  sexual  organs,  and  that  the 
flecidiam  is  the  product  of  a  sexual  process,  there  are  some  grounds 
for  regarding  the  s^cidium  in  this  sub-class  as  thehomologue  of  the 
Mcocarp  in  the  Ascomycetes,  and  for  the  view  that,  in  both  sub- 
classes, the  BBcidium  and  the  ascocarp  respectively  represent  the 
sporophjte  (p.  279). 

The  sab-class  is  divisible  into  two  orders  : — 

Order  1.     UredinesB :  have  an  aecidium-form,  as  a  rule. 

Order  2.    Ustilaginesd :  never  have  an  secidium-form. 

Order  I.-~UredmeaB.     This  order  comprises  those  parasites  which  are 
geiwrally  known  as  Busts,  on  account  of  the  rusty  appearance  which  they  give 
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to  their  host-plants  at  a  certain  stage  of  their  life-history,  when  they  bear  at  the 
surface  a  great  nnmber  of  orange-coloured  gonidia. 

The  life-history  of  these  plants  presents,  in  many  cases,  a  clear  alternation 
of  generations,  together  with  polymorphism  of  the  gametophyte  which  has  an 
asexual  fonn ;  moreover  the  difiFerent  forms  of  the  gametophyte  are  sometimes 
heUrcKioui,  that  is,  they  inhabit  different  hosts. 


^s^^SB^ 


Fie.  214.— PMcinia  QraminU,  I  Transverse  seotion  of  a  leaf  of  Barberry,  with  mddih 
(a) ;  p  the  wall  of  the  sBcidiam  ;  u  lower,  o  upper  surrace  of  the  leaf,  which  haa  become 
thickened  at  u,  y,  in  oonaequenoe  of  the  presence  of  the  parasite ;  on  the  upper  surface  are 
spenaoiaroniH  (sp).  A  A  young  soldi um  which  has  not  yet  openod.  II  Sorus  of  telenUv 
gonidia  (t)  on  the  leaf  of  Trilicwn  repen9 ;  «  its  epidermis.  HI  Part  of  a  sorus  of  uredo> 
gonidia  on  the  same  plant;  «r  the  uredogonidia;  t  a  teleutogonidium.    (After  Sachs.) 

Pticcinia  GraminU  affords  an  example  of  the  most  complex  life-history  with 
hetercecism.  It  inhabits  Wheat,  Bye,  and  other  Grasses,  and  developes  its 
mycelium  in  the  tissues  of  the  young  plants.  During  the  summer  it  prodaoes 
groups  of  simple  gonidiophores,  at  the  apex  of  each  of  which  a  single  oval 
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^nidiam,  termed  a  uredogonidium^  of  an  orange  colour,  is  formed  by  abstriction 
(Fig.  214,  HI);  in  eonfleqaence  of  the  great  development  of  cells  at  these  paints 
the  epidermis  of  the  host  is  raptured,  and  the  groups  of  uredogonidia  are  visible 
on  the  surface  as  rusty  spots.  These  uredogonidia  are  scattered  by  the  wind,  and 
infect  other  Orass-plants ;  on  reaching  a  leaf,  the  uredogonidium  germinates  at 
once,  forming  a  hypha  which  enters  through  a  stoma  into  the  interior  of  the 
leaf,  where  it  developes  into  a  mycelium  bearing  uredogonidia^  This  stage  in 
the  life-history  is  termed  the  Uredo-form. 

Later  in  the  season,  when  the  tissues  of  the  hosts  are  becoming  hard  and 
dry,  the  Uredo-form  no  longer  produces  uredogonidia,  but  dark-coloured  often 
compound  gonidia,  known  as  UUu* 
toffonidia  (Fig.  214, 11)^  developed  in 
the  same  way  as  the  uredogonidia. 
The  teleutogonidia  remain  quies- 
cent during  the  winter.  When 
they  germinate  in  the  following 
spring,  one  or  both  of  the  cells 
gives  rise  to  a  small,  free,  non- 
parasitic mycelium  (promycelium), 
from  each  of  the  cells  of  which  a 

delicate  gonidiophore  is  produced, 
which  developes  a  small  gonidium 

(termed  a  iporidium)  by  abstriction 

St  ito  apex  (Fig.  215). 
The  sporidia  are  scattered  by  the 

wind,  and  if  they  fall  on  the  leaves 

of  the  Barberry  Ihey  germinate, 

giving   rise    to    a    hypha    which 

pierces  the  epidermis  of  the  leaf, 

snd  then  forms  a  dense  mycelium 

in  the  intercellular  spaces  of  the 

mesophylL    At  certain  points  the 

tissue  of  the  leaf  is  hypertrophied, 

fonning  cushions,  which    project 

on  the  under  surface.     Towards 

the  upper  surface  of  the  cushion 

there  are  formed  on  the  mycelium 

smill  receptacles,  the  ipermogonia 

(Fig.  214  «p),  each  of  which  con- 
tains a  number  of  unseptate  hyphe,  radiating  from  the  wall  towards  the  centre, 

vhieh  are  termed  sterignuUa ;  each  of  these  proctuces  at  its  apex  by  abstriction 

a  small  cell,  the  $pemiaUum,  which  escapes  from  the  spermogonium ;  spenno- 

gonia  are  formed,  though  less  frequently,  on  the  under  surface.    Large  spherical 

sUuetares  are  formed  ou  the  under  surface  of  the  cushion  (Fig.  214) ;  these  are 

the  4KUiiar  This  form  of  the  fungus  is  known  as  ^cidium  Berberidis,  Each 
•eidiom  consists  of  a  hymenial  layer  of  simple  unseptate  sporophores  at  its 
base,  from  the  apices  of  which  a  number  of  spores  (acidioipores)  are  formed  by 
soeeessive  abstriction ;  the  cscidium  has  a  definite  wall  which  ruptures  at  the 


Fie.  215.— Germination  of  teleuvogonidia  of 
varioas  Uredinea :  A  of  Pueeinia  Qraminis  (  x 
400);  B  of  Melampeora  (x  900);  C  of  Coleo. 
sporiam  (x  230);  i  teleutogonidiam ;  pm  pro- 
myoeliam;  «p  sporidia. 


T.8.B. 
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surface  to  set  free  the  spores.  The  spores  are  oonvejed  by  the  win<l  to  Grass- 
plants,  on  the  leaves  of  which  they  germinate,  patting  oat  hyphsa  which 
penetrate  into  the  interior  through  the  stomata,  giving  rise  to  the  myoeliam 
which  bears  the  nredogonidia,  and  sabseqnently  the  teleatogonidia. 

On  the  assumption  (see  p.  279)  that  the  scidiam,  like  the  ascocarp  of  the 
Ascomycetes,  represents  the  sporophyte  in  the  life-history  of  these  plants,  all 
the  other  forms  of  the  plant  are  stages  in  the  life-history  of  the  gametophyte, 
namely  the  Uredo-form,  the  promyoelium,  the  ^cidiam-form.  Of  these,  the 
two  former  are  altogether  asexual ;  the  form  bearing  the  leoidiam,  by  analogy 
with  the  sexaal  Ascomjeetes,  represents  the  actual  gametophyte ;  bat  although 
the  sterigmata  in  the  spermogonia  may,  by  analogy  with  some  of  the  Asoomy- 
cetes,  be  regarded  as  male  organs,  and  the  spermatia  as  male  cells,  no  female 
organ,  corresponding  to  the  oroliioarp,  has  yet  been  discovered. 
The  following  species  have  essentially  the  same  life- history  as  that  described 

above,  though  the  host-plants  are 
^^  ^"*i    ^    y  —  r   -'^    T  T_    i_^    ~  different  in  all  cases ;  the  species 

of  Heteruromyoes,  such  as  Uro- 
mycei  Poa,  U,  DactylidU^  V, 
JuHci,  U.  Pui,  etc. ;  the  species 
of  Heteropuc(unia,  to  which 
group  Puccinia  Oramini§  belongs, 
such  as  P.  corofiata,  P.  «e«tt/t>, 
P.  JlubigO'Vera,  P.  CaricU,  etc.  ; 
the  species  of  Eucoleosporium, 
such  as  Coleotporium  Senecionis ; 
the  species  of  Eochrysomjza, 
such  as  Chrytomyxa  Uliodaden- 
drit  C.  LedL 

The  following  are  the  more 
important  variatious  on  the  life- 
history  given  above : — 

a.  The  Uredo-form  it  ahtfnt. 
In  the  EndophyllesB  the  eciJio- 
spore  gives  rise,  on  germination, 
to  a  promycelium,  which  pro- 
duces sporidia  (as  described 
above) ;  the  sporidium  gives  rise 
to  a  mycelium  bearing  scidia. 
6.  The  Uredo-form  only  pro- 
duces teleutogenidia,  otherwise  the  life-history  is  the  same  as  that  of  Pueeiniti 
GraminiB  {e.g.  Gymnosporangi'um). 

c.  Tfie  jEcidium-form  it  absent;  the  Uredo-form  produces  only  Uleutogonidia : 
here  the  only  forms  are  the  Uredo-form  bearing  teleutogonidia,  and  the  pro- 
myoelium bearing  sporidia,  which  give  ri^e  to  the  Uredo-form  on  germination 
{e.g.  species  of  Puccinia  [Leptopucoinia]  sach  as  P.  Malvacearum,  P.  Arenarite, 
P.  Circaa), 

d.  There  are  no  distinct  Uredo-forms  and  JEddium-fcrmt :  the  same  myeeliam 
gives  rise  first  to  soidia  and  then  to  teleutogonidia  {e,g,  species  of  Uromj- 


FiG.  210.— Trnnnverse  section  of  a  Willow-leaf 
infested  by  Melampwra  salieina :  par  mesophyll 
of  leaf;  00  upper,  «m  lower  epidermin.  On  tbe 
under  side  a  soroa  of  nredogroniclia  (st)  with 
paraphjseB  (p)  has  broken  throngh  tbe  epi- 
dermis; beneath  tbe  upper  epidermis  isasoros 
ofyoung  teleutogonidia  (t).    (x  280.) 
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eoptiflyfoob  M  Uromyee$  BehenU,  U.  SerophulaHa ;  speoies  of  PaooiniopBis, 
Boeh  M  Pueeinia  BerberidU^  P,  Liliaeearum,  P,  Tragopogi;  species  of  Phrag* 
midiopsis,  raoh  as  X^modoehui  earbonariui).  In  some  of  the  foregoing  cases 
the  myeeliam  may  bear  a  few  uredogonidia ;  in  Phragmidiam  nredogonidia 
are  always  formed. 

It  is  not,  however,  always  the  ease  that  when  there  are  distinct  Uredo-  and 
^oidinm-forms,  these  are  heteroscious ;  they  frequently  inhabit  the  same  host- 
plant,  that  is,  they  are  autcBeitmt  {e,g.  species  of  Aatea-uromyoes,  such  as 
Oromifees  Faha^  U.  Orohi^  U,  Trifolii,  etc. ;  species  of  Antenpnocinia,  such  as 
Puteuda  Oalii,  P,  Atparagi,  P.  Caltha^  etc.)  When  there  are  not  distinct 
Uredo-  and  iBcidinm-foruis  the  fangas  can  only  be  antcecioas. 

The  reprodactive  organs  and  oells,  as  described  above,  present  certain  variations 
by  which  the  different  genera  are  distingaished.  Thus,  in  Endophyllnm,  the 
group  (fonu)  of  teleutogonidia  is  invested  by  a  definite  wall ;  in  Gymnosporan- 
ginm      and 

Ctonartium,  q—  _  ^  .  -fp. 

the  teleato- 
gonidio- 
phores  form 
a  projecting 
CO  I  a  m  n 
which,  in 
Gynmospor- 
angiam,  is 
gelatinons. 
In  Coleo- 
Bporitun  the 
promyoel- 
iom  is  nni- 
eellnlar 
(Fig.  215  C). 
whereas  in 
all  other 
fomis  it  is 
malticellu- 
lar;  in  this 

genus  also  several  uredogonidia  are  formed  successively  from  the  same  goni- 
diophore.  The  primitive  teleutogonidium  undergoes  no  division,  so  that  only 
one  is  found  on  each  gonidiophore,  as  in  Uromyces ;  or  it  divides  transversely 
on«e  to  form  two  gonidia,  as  in  Pueeinia ;  or  several  times,  to  form  a  rov7  of 
gonidia,  as  in  Phragmidium ;  or  obliquely,  to  form  a  group  of  three  gonidia, 
as  in  Triphragmium.  The  groups  («ort)  of  uredogonidia  are  sometimes  in- 
vested by  a  wall,  as  in  Cronartium.  In  Phragmidium  the  wall  of  the  ncidium 
differs  from  that  of  the  other  forms  in  that  it  does  not  consist  of  a  definite 
layer  of  cells,  but  is  represented  by  a  number  of  club-shaped  unicellular  hairs. 
In  most  cases  the  teleutogonidium  is  a  resting-gonidium  ;  but  in  some  forms, 

sQch  as  Leptouromyces  (e.g,  Uromycei  pallidus,  U.  Ficana,  U.  Croci^  etc.), 

Leptopaeeioia  (e.g,  Pueeinia  Malvacearum,  P.  Buxi,  P.  Circaa,  etc.)  Chryso- 


Fie.  tl7. ^ChryBomyM  Rhododtndri  in  a  leaf  of  Khododtn^nm  hirButwrn  t 
vertical  section  of  a  sonis  of  teleutogonidia ;  •  epidermis  of  under  surface 
of  the  leaf;  i  terminal  teleutop^onidia  beginning  to  germinate;  to  the  left 
a  teleutogonidium  baa  germinated,  giving  rise  to  apromjcelinm  (pr)  with 
sporidium  («p)  borne  on  a  sterigma  »t.  (x  140 :  after  de  Barj.) 
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myza,  the  teleutogonidia  germinate,  producing  Eporidinm-bearing  promyoelia, 
as  soon  as  they  are  ripe  and  before  they  haye  fallen  off  (Fig.  217). 

In  addition  to  the  fractifications  already  described,  there  is  a  form,  known 
as  Caoma^  about  which  there  is  some  oncertainty  as  to  whether  it  represents  a 
sorus  of  uredogonidia  or  an  SBcidium ;  in  some  cases  it  appears  certainly  to  be 
the  latter. 

Besides  the  genera  enumerated  above,  the  life-history  of  which  has  been 
more  or  less  investigated,  there  are  a  number  of  Uredo-  and  iEcidium-forms,  as 
well  as  most  Csoma-forms,  the  connexion  of  which  has  not  yet  been  ascer- 
tained. These  are,  for  the  present,  simply  designated  Uredo,  iBcidium,  CsBoma, 
constituting  temporary  form-genera. 

.   The  list  on  p.  809  illustrates  the  life-histoxy  and  heteroeoism  of  the  principal 
genera. 

Order  2. — UstilaginesB.  This  order  comprises  those  parasites  which  are 
known  as  Smuts.     The  life-history  of  most  of  the  members  of  this  order,  is 

briefly  as  follows.  The  plant  produces 
numerous  thick-walled,  often  black  (Smqt) 
resting-gonidia,  the  development  of  which 
is  usually  intercalary  (resembling  that  of 
chlamydogonidia)  on  more  or  less  special- 
ised mycelial  branches  (gonidiophores). 
On  germination,  the  resting- gonidium 
forms  a  number  of  reproductive  cells, 
jportdui,  of  various  form;  the  sporidla 
are  usually  developed  on  a  small  pro- 
mycelium,  which  may  be  either  multi- 
cellular (Fig.  218  A),  or  unicellular  (Fig. 
218  B) ;  but  in  one  genus,  Protomyoes, 
they  are  developed  inside  the  resting- 
gonidium,  which  acts  as  a  gonidangiom, 
the  only  instance  of  the  kind  in  tbi 
^cidiomycetes.  In  most  forms  these 
sporidla  then  coalesce  in  pairs;  but  in 
any  case  they  germinate,  either  producing 
at  once  the  myceUum  which  will  bear  the 
resting-gonidia  {e,g.  Protomjces),  or  a 
second  promycelium  bearing  secondaiy 
sporidia,  from  which  the  mycelium  bearing  resting-gonidia  is  developed  (e.g. 
Tilletia  Cariet). 

In  some  species  {e.g.  Entyloma  Ranunculi,  TubureinUi  TrientalU)  the  myce- 
lium, before  it  produces  the  resting-gonidia,  developes  another  kind  of  gonidia; 
these  are  smaU,  thin-walled,  somewhat  spindle-shaped  cells,  developed  by  ab 
striction  from  the  ends  of  unbranobed  simple  gonidiophores. 

The  sporidia,  when  cultivated  in  nutrient  solutions,  may  be  made  to  multiply 
actively  by  gemmation,  producing  a  number  of  yeast-like  cells. 

With  regard  to  the  life-history  of  the  order,  it  may  be  pointed  out,  in  the  first 
place,  that  tbe  resting-gonidia  correspond  to  the  teleutogonidia  of  the  Uredines ; 
secondly,  that  the  sporidia  in  the  two  orders  correspond ;  and  lastly,  that  the 


Fig.  218. — Germinating  resting-goni- 
dia :  A  of  Uf  tiloyo  r0C9placulorum ;  B  of 
TilUtia  CaruB  (  x  460) :  tp  the  gonidiam ; 
pm  the  promycelium;  d  the  sporidia  t 
in  B  the  sporidia  have  coaleaced  in 
pairs  at  V. 
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thin- walled  gonidia  of  the  Ustilaginee  (when  present)  correspond  to  the  nredo- 
gonidia  of  the  Uredines.  The  gametophyte  of  the  Ustilagines  thae  presenti 
very  much  the  same  polymorphism  as  tbat  of  the  Uredineie ;  bat  there  is 
nothing  in  the  former  order  to  correspond  to  the  soidinm  of  the  latter. 

The  aflSnities  of  the  Ustilagines  are  of  great  interest.  On  the  one  hand  they 
are  clearly  allied,  as  shown  in  their  life-history,  to  the  Uredines,  and  (as  is 
explained  on  p.  814)  with  the  Basidiomyoetes.  On  the  other  hand  they  are 
allied  to  the  ChytridiaoeeB,  and  less  closely,  to  the  EntomophthoraoesB.  They 
differ  from  the  Chytridiaoeie,  however,  in  that  their  myoeliom  is  septate,  and 
in  that  the  gonidia  are  prodaced  by  abslriotion,  and  are  not  motile.  Proto- 
myces,  however,  closely  resembles  some  forms  included  in  the  Chytridiaces 
(Physoderma),  in  that  it  prodaces  its  sporidia  in  the  interior  of  the  resting- 
gonidium,  and  in  that  the  sporidia,  like  the  gonidia  of  Physoderma,  are  non- 
motile  ;  but  Protomyces  has  a  septate  mycelium,  whilst  Physoderma  has  not. 

The  most  important  snd  the  most  common  species  are  Vtiilago  Carbo,  which 
especially  attacks  Oats,  but  other  Cereals  and  Grasses  as  well :  U,  AJaidit, 
which  produces  large  tumours  in  the  Maize,  filled  with  resting-gonidia : 
Urocyttit  occulta,  which  fraciifies  in  the  leaves  and  haulms  of  the  Bye :  TiUetia 
Carieif  the  Smut  of  Wheat ;  this  is  dangerous  because  the  grains  filled  with 
resting-gonidia  remain  closed,  and  are  therefore  harvested  with  the  sound  ones. 
Many  other  species  and  genera  infest  wild  plants. 


Sub-Class  VI.— BASIDIOMYOETES.  This  sub-class  includes 
a  large  number  of  plants,  both  saprophytes  and  parasites,  the 
fructifications  of  which  are  well-knoven  as  Mushrooms,  Toad- 
stools, and  Puff-Balls ;  they  are  the  most  highly  organised  of  the 
Fungi. 

The  body  is  a  branched  septate  mycelium,  growing  in  the  sub- 
stratum, and  bearing  the  reproductive  organs  which  come  to  the 
surface. 

The  reproductive  organs  are  gooidiophores  of  two  kinds,  com- 
pound and  simple.  Of  these  the  compound  gonidiophore  is  uni- 
versal, and  is  characteristic  of  the  sub-class ;  it  constitutes  the 
fmctification  commonly  known  as  a  Mushroom,  a  Toadstool,  etc. 
The  structure  of  the  compound  gonidiophore  may  be  illustrated  by 
reference  to  the  common  mushroom  (Agaricus  campestris).  It  con- 
sists of  a  stalk,  termed  the  stipe,  bearing  at  its  apex  a  large 
circular,  somewhat  umbrella-shaped  expansion,  the  pileus.  On 
the  underside  of  the  pileas  are  a  number  of  radiating  plates  of 
tissue,  the  lameUcB  (Fig.  219),  covered  with  the  gonidia- bearing 
layer  of  cells,  the  hymenial  layer  or  hymenium.  The  lamelle 
collectively  constitate  the  hymennphore.  Towards  the  upper  end 
of  the  stipe  is  a  ring  of  tissue,  the  annuluSy  the  torn  remains  of  a 
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membrane  (the  velum)  wbicb  extended  from  the  stipe  to  the  mar- 
gin of  tbe  pilous,  enclosing  the  hjmenial  cavity  (Fig.  222). 

The  stipe  consists  of  a  namber  of  closely-packed  branching 
hypbe,  which,  at  its  apex,  spreads  out  to  form  the  tissoe  of  tbe 
pileos.  In  the  pilens,  the  hyphes  branch  repeatedly,  the  hypli» 
towards   the    lower 

sm-faoe  forming  tbe        t      *Jt 

lamellflB.  Each  la- 
mella (Fig.  219  B) 
coDsists  of  a  mass  of 
hyphe,  constituting 
tbe  trama ;  as  tbe 
hyphsB  approach  the 
surface  of  the  la- 
mella, the  cells  be- 
come shorter.  Tbe 
last  c^lls,  before 
reaching  the  hymen- 
ial  layer,  are  very 
short,  and  constitute 
a  definite  layer, 
known  as  the  tub' 
hymenial  layer  (Fig. 
219  B  C  sh).  The 
terminal  cells  of  the 
hyphe  constitute 
the  hymenial  layer 
(Fig.  219  B  hyy 
This  consists  of 
somewhat  elongated 
club-shaped  cells, 
some  of  which  bear 
gonidia,  and  are 
termed  hasidia, 
whilst  the  others 
are  sterile,  and  are 
termed  pdraphyses 
(Pig.  219  C  q). 
Each  basidium  de- 
▼elopes  at  its  apex  four  delicate  outgi*owths,  the  sterirjmata,  and  at 
the  apex  of  each  sterigma  a  single  small  gonidinm  (C  s'  s")  is 


Fio.  tl^,^Agarlcu»  campe$\r'i$,  A  Tangential  section  of 
the  pileoa,  ahowing  the  lamellae  (O.of  the  hymenophore. 
B  ▲  aimUar  section  of  a  lamella  more  highly  magnified ; 
Hy  the  hymeniam ;  i  the  central  tissue  called  the  trama. 
0  ▲  portion  of  the  same  section  more  highly  magnified 
(X  660):  q  young  basidia  and  paraphyses;  s'  tbe  first 
formation  of  gonidia  on  a  Imsidium ;  i"  more  advanced 
stages ;  at  •""  the  gonidia  have  fallen  off.    (After  Sachs.) 
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formed.     These  gonidia  are  termed  baiidiogonidia,  with  reference 
to  their  mode  of  origin. 

The  form  of  the  compoand  gonidiophore,  as  also  the  relation  of 
its  different  parts,  varies  widely  in  the  orders  and  families  of 
the  sab-class.  As  the  more  minnte  pecaliarities  are  described  in 
the  account  of  these  gronps,  onlj  the  important  diversities  are 
now  mentioned.  In  the  families  Anncnlariese,  Tremellinesp, 
Dacryomycetes,  ClavariesD,  Thelephoresd,  Hydnesd,  most  Polypore©, 
and  some  Agaricinsd,  tbe  hymeninm  is  exposed  from  its  first  devel- 
opment, and  the  gonidiophore  is  consequently  said  to  be  gyntno^ 
carpous.  In  Polyporus  volvalusy  species  of  Boletns,  and  in  some 
Agaricinse  (e.g.  sub-genera  Armillaria,  Psalliota,  of  the  genus  Agar- 
icus,  etc.)  the  hymeninm  is  covered  for  some  time  by  a  membrane, 
termed  a  velum  partialet  as  described  above  (see  Fig.  222) ;  the 
gonidiophore  is  then  termed  hemi-angiocarpaus.  Finally,  tbe  whole 
gonidiophore  may  be  surronnded  by  a  membrane,  which  is  dehiscent 
or  indehiscent,  and  is  then  said  to  be  angiocarpfms.  This  is  due 
to  the  fact  that  the  gonidiophore  is  developed  from  the  interual 
portion  of  the  primitive  mass  of  hyphal  tissue,  the  external  por- 
tion constituting  the  enveloping  membrane.  This  arrangment 
obtains  in  various  genera  of  AgaricinsB,  such  as  Agaricus  (sub- 
genera Amanita,  Fig.  222,  Lepiota)  and  Coprinns,  and  generally  in 
the  order  Gasteromycetes.  This  membrane  is  termed,  in  the  case 
the  AgaricinsB,  a  velum  universale ;  in  that  of  the  Gusteromycetes, 
a  peridium.  When  it  is  dehiscent,  and  the 
gonidiophore  is  stipitate,  a  portion  of  it  re- 
mains surrounding  the  base  of  the  stipe  as 
a  volva. 

In  species  belonging  to  all  the  families 
of  Hymenomycetes,  except  Clavariesa  and 
Hydneea,  and  also  in  some  other  forms  (e.g. 
Nidularia  jnnformis)^  certain  large  project- 
ing sterile  cells,  termed  cyttidia  (Fig.  223), 
are  formed  in  the  hymeninm,  the  function 
of  which  is  not  fully  understood. 

P,a.  tto.-M«uiceiiaiar  ^^  ^^^  ^^«^^^  Basidiomycetes  (Autobasi- 

basidiam  of   Tremeiia :        diomycetes)  the  basidia  are  unicellular,  but 
•  sterigma;  tp  basidio-        jq  the  lower  forms  (Protobasidiomycetes) 

gonidia.    (xS50.)  .,  i*-      u    i  -^u  -^i.    x 

they  are  multicellular,  either  with  trans- 
verse septa  (PilacreeB,  Auricnlarieea),  or  with  longitudinal  septa 
(Tremellinesd,  Fig.  220). 
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The  number  of  gonidia  borne  by  a  nnicellalar  basidinm  is  nsu- 
allj  four ;  bat  it  may  be  one  (species  of  Hymenogaster),  or  two 
(Calocera,  DacryomyceSf  species  of  Octaviana  and  Hymenogaster), 
or  4-8  (Phalloidead).  In  the  case  of  the  malticellnlar  basidinm, 
each  cell  bears  one  basidiogonidiam. 

Simple  gonidiophores  have  been  discoTered  in  several  fomiA 
(PUacre  Petersit,  Aurieularia  sambucina  and  mesenterica^  Exidia, 
Uiocolia,  Craterocolla,  Sebacina,  Tremella  mesenterxca  and  lutescens, 
Tomentella,  Ezobasidinm,  HeterohoMtum  ^PolypMnui]  annosum 
[Trametes  radicijterda]^  Daeryomyces).  In  these  forms  the  basidio- 
gonidinm  gives  rise,  on  germination,  to  a  mycelium,  sometimes 
small  and  unbranched,  which  is  either  itself  the  simple  gonidio- 
phore,  or  bears  simple  gonidiophores,  on  which  gonidia  are  formed 
by  ahstriction.  The  same  mycelium  may  subsequently  bear  the 
compound  gonidiophores ;  or  the  gonidia-bearing  form  may  repro- 
duce itself  through  successive  generations  until  at  length,  under 
appropriate  conditions,  the  form  bearing  the  compound  gonidio- 
phores occnra  In  the  genus  Craterocolla,  the  simple  gonidio- 
phores are  collected  into  sori  developed  in  special  receptacles. 

The  gonidia  of  Tremella,  cultivated  in  nutrient  solution,  mul- 
tiply rapidly  by  budding,  producing  yeast-like  cells,  which  have 
not,  however,  the  power  of  exciting  alcoholic  fermentation. 

The  formation  of  unicellular  gemmes  (see  p.  274^  is  of  common 
occurrence  in  the  Basidiomycetes;  either  in  the  form  of  chlamydo- 
gonidia  (e.g.  Nyctalis,  Oligoporus,  Fistulina),  or,  more  commonly 
(e.g.  Uiocolia,  Dacrijomyces  deliqueseens,  species  of  Coprinus,  Cla- 
varie©,  Lenzites,  Pholiota,  Gollybia,  Nyctalis,  Phlebia,  Polyporus, 
Cjathns,  etc.)  in  the  form  of  oidium-cells.  The  chlamydogonidia 
are  especially  developed  in  the  basidial  fructifications  of  the 
plants  in  which  they  occur :  the  oidium-cells  are  generally  de- 
veloped from  the  vegetative  mycelium,  either  the  whole  of  it  or 
individual  hyphae,  forming  sometimes  a  more  or  less  definite  fruc- 
tification {Diicryamyees  deHquescens).  In  some  Agaricinas  (e,g. 
Coprinus,  ClavarieoB,  Stropharia  stercoraria,  Psathyrella,  etc.) 
the  oidium-cells  appear  to  be  incapable  of  germinating. 

Sclerotia  (see  p.  275)  are  known  in  some  cases.  The  mycelium 
{e.g,  Typkula  var%ahU%$,  and  complanata,  Copr%nu$  ttercararitu, 
Tolostoma)  produces  sclerotia  as  an  antecedent  to  the  formation 
o!  the  compound  gonidiophores  ;  the  sclerotia  become  quite  free 
ht)m  the  mycelium,  and  may  be  kept  for  months  without  losing 
their  vitality.    On  germination  each  sclerotium  gives  rise  to  one 
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or  more  compound  gonidiophores.  The  most  remarkable  solerotia 
are  those  of  Jgarieus  melleuf,  a  Fnngag  which  is  very  destructive 
t-o  timber.  The  mycelium  gives  rise  to  dark-coloured  compact 
strands  of  hyphsB,  of  the  pseudo-parenchymatons  structure  char- 
acteristic of  sclerotia ;  but  they  are  peculiar  in  possessing  con> 
tinned  apical  growth,  and  by  this  means  they  soon  become  long 
filaments,  known  as  Bhizomorpha.  It  is  in  this  way  that  the 
Fungus  spreads  from  tree  to  tree :  the  Bhizomorpha- filaments 
grow  underground  from  the  roots  of  an  infected  tree  to  those  of 
a  healthy  tree  (usually  a  Conifer)  ;  it  penetrates  into  them  and 
spreads  in  the  tissues  external  to  the  wood  io  the  form  of  a 
white  &n-shaped  mycelium.  The  compound  gonidiophores  (Agar- 
tctu  melleui)  are  borne  either  on  the  subterranean  Bhizomorpha- 
filaments,  or  on  the  parasitic  mycelium ;  in  either  case  the  goni- 
diophores  come  to  the  surface. 

The  homologies  of  the  reproductive  organs  of  the  Basidiomy- 
cetes  are  not  diflScult  to  trace.  The  development  of  the  basidio- 
gonidia  on  the  basidia,  more  especially  in  the  Protobasidiomycetes, 
recalls  the  germination  of  the  teleutogonidia  and  resting-gonidia 
of  the  UredineoB  and  Ustilaginese  respectively ;  of  those  UredineaB 
in  particular  (Leptouromyces,  Leptopuccinia)  in  which  the  teleu- 
togonidia germinate  without  having  fallen  off  the  plant  bearing 
them  (compare  Fig.  217  with  Fig.  220),  the  sterigmata  being  all 
that  remains  of  the  promycelium.  A  mushroom  is,  then,  a  com- 
pound gonidiophore  producing  basidia  (or  teleutogonidia)  which 
germinate,  without  falling  off,  and  give  rise  to  basidiogonidia 
(or  sporidia).  The  gonidia  developed  on  the  simple  gonidiophores 
(when  present)  of  the  Basid^iomycetes  may  be  compared  with  the 
similar  gonidia  of  the  Ustilagine®,  and  with  the  uredogonidia  of 
the  UredinesB.  These  homologies  may  be  comprehensively  indi- 
cated in  a  tabular  form  :— 

QametophyU.  Sporophyte, 


UredineiB.  uredogonidiam  teleutogonidiam  sporidiam         »oidium  with 

UstilagineiB       gouidiam  resting-gonidiom  sporidiam  [spores. 

Basidiomycetes  gonidiam  basidium  basidiogonidiom 

It  will  be  seen  that  in  neither  the  Ustilaginese  nor  the  Basidio- 
mycetes is  there  any  organ  to  correspond  with  the  (ecidium  of  the 
Uredinees. 

The  foregoing  table  also  indicates  the  nature  of  the  life-history 
of  the  Basidiomycetes.     As  in  the  UstilaginesB,  so  in  the  Basidio- 
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mjcetes,  the  sporoplijte  is  entirely  unrepresented  in  conseqnence 
of  the  complete  disappearance  not  only  of  the  sexual  organs  of 
the  gametophjte,  but  of  anj  representative  of  the  product  of  a 
sexual  process.  The  various  forms  occurring  in  the  life-historj 
of  aoy  Basidiomjoete  belong  to  the  gametophjte;  these  forms 
are,  however,  less  distinct  from  each  other  than  are  the  corre* 
spending  forms  of  the  ^cidiomjcetes,  so  that  the  life-history  is 
here  more  concise. 

The  Baiidiomyoetes  are  classified  as  follows :« 

Senes  L  PBOTOBAStDioMYCBXBS :  basidia  multicellTilar,  four-celled,  each  cell 
bearing  a  gonidiam  ;  simple  gomdiophores  generally  present. 

Fam.  1.  Pilacrea.  The  septa  in  the  bavidia  are  transverse ;  the  compound 
gonidiophore  is  differentiated  into  stipe  and  pileas,  and  is  angiocarpous,  the 
bjmeniimi,  which  is  on  the  npper  surface  of  the  pileus,  being  covered  by  a 
membrane  (velum)  which  eventually  decays ;  each  cell  of  the  basidium  pro- 
duces a  single  gonidium. 

The  family  indndes  the  genus  Pilaore,  with  the  two  species  P.  faginea  (on 
Beech),  and  P.  PeUrHi  (on  Hornbeam). 

Fam.  2.  Aurieulariea,  The  septa  in  the  basidia  are  transverse ;  the  com- 
pound gonidiophore,  not  differentiated  into  stipe  and  pileus,  is  gymnocarpous ; 
the  bymemum  is  irregularly  folded  and  is  gelatinous  when  wet ;  each  cell  of 
the  basidium  bears  a  single  gonidium  on  a  sterigma. 

The  family  includes  the  genus  Auricularia,  growing  on  the  stems  of  trees. 

Fam.  8.  Tremellinne.  The  septa  in  the  basidia  are  longitudinal ;  the  com- 
poond  gonidiophore,  not  differentiated  into  stipe  and  pileus,  is  gymnocarpous ; 
the  hymenium  is  irregularly  folded  and  generally  gelatinous ;  each  cell  of  the 
basidium  bears  a  gonidium  on  a  terminal  sterigma  (Fig.  2*i0). 

The  family  includes  the  genera  Ezidia,  Tremella,  CraterocoUa,  Sebacina, 
and  0}Tooepbaln8,  growing  on  decaying  wood,  tree-trunks,  etc. 

Series  II.  Autobasioiomtcstbs.  Basidia  unicellular ;  simple  gonidiophores 
in  some  forms. 

Order  1.  Hymenomycetes.  Compound  gonidiophore  gymnocarpous,  or 
hemi-angiocarpous,  or  rarely  angiocarpous ;  in  any  case  the  hymenium  is  ex- 
posed before  the  maturity  of  the  basidiogonldia ;  each  basidium  bean  2-6 
(nsnally  4)  apical  sterigmata  each  of  which  bears  a  gonidium. 

Fam.  1.  DacryomijeeteM,  Basidia  elongated,  with  two  sterigmata;  compound 
gonidiophores  sometimes  gelatinous,  gymnocarpous,  presenting  in  some  forms 
(e.g,  Dacryomitra)  rudimentary  differentiation  into  stipe  and  pileus,  sometimes 
branched  (t,g.  Calooera). 

The  family  includes  the  genera  Dacryomyoes,  Guepinia  (with  a  cup-like 
gonidiophore  resembling  the  apothecium  of  Pezixa),  Dacryomitra,  and  Calooera 
tbe  gonidiophore  of  which  resembles  that  of  the  ClavarieaB. 

Fam.  2.  Clavariea,  The  compound  gonidiophore  is  fleshy  and  gymnocarpous, 
either  nubranched  (e.g.  Pistillaria),  or  branched,  cylindrical  {e,g,  Clavaria,  Fig. 
321),  or  flattened  and  expanded  (e.g.  Sperassis),  not  differentiated  into  stipe 
and  pileus ;  the  hymenium  covers  the  whole  surface  of  the  gonidiophore,  or  is 
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limited  to  the  tipper  pert  {e.g.  Typhtila) ;  the  baaidinm  has  sometimeB  only 
two  sterigmata  (e.g.  Pistillaria,  Typbala). 

Fain.  8.  Thelephorea.  In  the  lowest  forms  there  is  no  oompoand  gonidiopbore 
bat  merely  a  hymenial  layer  {e.g.  Ezobasidiam) ;  in  others  the  gonidiopbore  is 
gymnocarpons,  forming  an  incrastation  on  the  sabstratum,  and  bearing  the 
hymeninm  on  its  upper  surfaoe  {^.g,  Goniophora,  Hypoobnas,  Cortioiam) ;  in  the 
high  forms  (e.g.  Thelephora,  Sterenm,  Cypbella,  Craterellns),  the  gonidiopbore, 
of  various  form,  branched  or  unbranohed,  bears  the  hymenial  layer  on  its 
under  surfaoe ;  the  hymennphore  is  smooth,  with  projections  or  pits. 

Fam.  4.  Hydnea,  In  the  lower  forms  the  compound  gonidiopbore  forms  an 
incrustation  on  the  substratum,  with  the  hymenium  on  the  upper  surface  (e.g. 
Odontia,  Grandinia) ;  in  the  higher  forms  (e.g.  Sistotrema,  species  of  Hydnum) ; 
the  hymenium  is  borne  on  the  under  surface  of  the  gonidiopbore,  which  is,  in 


Ff o.  221.— ii  Part  of  componnd  gonidiopbore  of  Cla^aria  /lava  (nat.  Bite).  B  Compoond 
gonidiopbore  of  Hydnum  imbricatum, :  d  tbo  spinj  projection!  of  tbe  liymenopbore;  « 
■calefi  on  vpper  Karraoe  of  pileiis  (i  nat.  sise).  O  Lon^itadinal  seotion  of  the  oompoand 
f^nidiopbore  of  a  Poly  poms:  p  tabes  of  the  bymenopbore,  lined  bj  tbe  hymeniaoi, 
appearing  on  tbe  nnder  sarfaoe  as  pores. 

some  cases,  differentiated  into  stipe  and  pileus ;  in  all  cases  the  hymenopbore 
bears  a  number  of  spinous  projections  over  which  the  hymenium  extends  (Fig. 
221  B),  and  is  gymnocarpoas. 

Fam.  5.  Polyporem.  The  compound  gonidiopbore  may  be  a  flattened  expan- 
sion with  the  hymenium  on  the  upper  surface  (e.g.  Porothelium) ;  or  semi- 
circular, and  attached  laterally,  with  the  hymenium  on  the  under  surface  (eg. 
Merulius,  Dsedalea,  species  of  Polyporus,  Fig.  221  C) ;  or  differentiated  into 
stipe  and  pileus  with  the  hymenium  on  the  under  surface  (e.g.  Boletus) ;  tbe 
bymenopbore  is  indented  with  pits  or  tubes,  which  are  lined  by  the  hymeniam. 
The  gonidiopbore  is  generally  gymnocarpous,  but  there  is  a  veltim  partiale  in 
some  forms  (e.g.  Boletue  venipeUu,  viicidus,  Jloccopui,  Polyponu  volvatw). 
The  Dry  Rot  of  timber  is  caused  by  members  of  this  family. 

Fam.  6.    Agarieina.    The  compound  gonidiopbore  is  a  pileus,  with  or  witiiont 
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a  stipe ;  it  bean  on  its  under  sarface  (rarely  on  its  upper  surface)  a  lamellatei 
hjmenopbore  (see  Fig.  219)  ;  the  gonidiophore  may  be  gymnocarpous  ;  or 
hemiangiocarpoQB  having  a  velum  partiale  (e,g,  Cortinarius  where  the  Telnm 
is  like  a  spider*8  web ;  the  sub-genus  Psalliota  of  the  genus  Agarious,  including 
A,  e^impettrii,  the  common  Mushroom,  etc.) ;  or  angiocarpous,  having  a  velum 
uinvertale  {e.g.  the  sub-genera  Yolvaria,  Lepiota,  and  Amanita  of  the  genus 
Agiricus;  Nyotalis,  Goprinus,  etc.) ;  in  some  species  of  Amanita  there  is  both 
a  velum  wuvenale  and  a  velum  partiale. 

The  great  genus  Agarious  is  subdivided  into  a  number  of  sub-genera  belong- 
ing to  various  groups  distinguished  by  the  colour  of  their  basidiogonidia. 
Amongst  the  other  genera  Coprinus  has  a  gonidiophore  which  very  soon  under- 
goee  disintegration,  forming  a  black  shiny  fluid;  Lactarias  contains  milky 
juiee  (latex).  In  Gantharellns  the  lamellflB  are  prolonged  down  the  stipe.  Of 
edible  species  the  fol- 
lowing may  be  named: 

CauthartUut      eibaritu, 

LaetariuB     delieioBUS, 

Agarieut  eampettrU,  the 

Mushroom,  A.   procenu 

distinguished  by  a  mov- 
able ring,  and  A.  ectea- 

rest :    the    poisonous 

species    are     Laetaritu 

torminonu  and  Agaricut 

(il  Manila)  muicariut. 
Whilst  the  compound 

gonidiophore  is  generally 

fleshy,  in  some  genera  it 

ii  of  a  hard  or  leathery 

oousistence;    these  live 

commonly  on  old  wood ; 

saoh  are  Panus,  with  a 

small  pileus  mounted  on 

an  eccentric  stipe  ;  Len- 

sites,  where  the  pileus 

is  lateral   and   sessile; 

Marasmios,  the  elegant 

pilei  of  which  are  often  seen  on  the  leaves  of  Conifers  which  have  fallen  ofif. 

Order  2.    Qasteromycetes.    Angiocarpous ;  the  hymenium  is  either  not  ex- 
posed at  all,  or  only  after  the  basidiogonidia  are  mature,  by  the  dehiscence  or 

ruptare  of  the  peridium.    The  number  of  gonidia  borne  by  a  basidium  varies 

irom  1^;  the  sterigmata  are  apical,  except  in  the  genus  Tulostoma,  where  they 

are  lateraL    The  hymenophore  is  here  a  more  or  less  distinct  organ,  and  is 

termed  the  gteba, 
Fam.  1.    Hymenogaitrete,    The  compound  gonidiophore  is  subterranean.    It 

consists  of  a  thick  indehiscent  peridium,  filled  with  a  spongy  persistent  gleba, 

the  chambers  of  which  are  lined  by  the  hymenium  (Fig.  224  A). 

Principal  genera:  Hymenogaster,   Octaviana,   Bhizopogon,    Melanogaster, 
Hyiteranginm,  Hy4nanginm, 


Fig.  S21.— ii  Section  of  yoang  componnd  gonidiophore  of 
Agaricut  {AmanUa)  vaginattu :  v  the  velum  uniyersale : 
tt  the  stipe;  h  the  pileus;  I  the  lamella:  B  the  same 
aomewhat  older;  the  velum  v  is  raptured.  C  Aga^-icut 
nelUua:  m  the  mycelium  (Bhisomorpha) ;  in  the  smaller 
specimen  to  the  right  the  hymenophore  is  still  covered 
by  the  velum  partiale  a ;  in  the  larger  specimen  the  velum 
is  almost  completely  ruptured,  and  remains  attached  to  the 
stipe  as  the  ring,  a.  (i  nat.  size.) 
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Fio.  221.— Part  of  the  bymenitun  of  Ru*9ula  rubra :  iH  eub- 
hjmenial  layer;  b  basidiam;  $  sterignm;  §p  baaidiog jnidia ; 
pparaphyeee;  cacyttidiam.    (x640:  after  Straaboxiger.) 


Fam.  2.     SeUrodermea,    The  stmctare  of  the  oomponnd  gonidiophore  is 

essentially  the  same  as  that  of  the  precediug  family,  but  it  is  not  subter- 
ranean. 
gp  Principal  genera: 

*  Scleroderma,     Polysac- 

cam. 

Fam.  3.  Nidulariea. 
The  peridinm  is  dehis- 
cent at  the  apex.  The 
tramal  tissue  of  thegleba 
undergoes  mucilaginoas 
degeneration  and  dis- 
appears, leaving  the  by- 
meninm-bearing  cham- 
bers as  closed  indehis- 
cent  yesicles  (peridioUi), 
either  lying  free  (Nida- 
laria)  In  the  Tase-shaped 
peridium,  or  loosely 
attached  to  its  inner 
surface  by  strands  {fnni- 
euli)  of  hyphsB  (Cyathu«, 
Cruoibulnm,  Fig.  224 
CD). 
Fam.  4.    Lycoperdea.    The  peridium  is  generally  dehiscent,  differentiated 

into  two  or  more  layers,  constituting  two  distinct  membranes — the  exoperidium 

and  the  endoperidinm.    The  tissue  of  the  gleba  constitutes,  at  the  maturity  of 

the  spores,  a  powdery  mass,  including,  in  most  genera  (except  Calostoma, 

SplioBrobolus)  hyphal  filaments  forming  a  capillitum  (Fig.  224  B), 
The  mode  of  dehiscence  presents  yariations  in  the  different  genera.    Thus 

in    Boyista   and 

Lycoperdon    (Puff-  ^^^^^    * 

Balls)  the  exoperi-        .^^55^^      ^ff 

dium  becomes  dry 

and  breaks  up  into 

fragments,     whilst 

the    endoperidium 

dehisces  forming  a 

small  apical  aper- 

ture  through  which 

the    basidiogonidia 

escape. 
In  Geaster  (Star 

Puff-Ball)    the  ex- 
operidium splits  at 

the  apex  into  several 

pointed     segments 

which    bend    con- 


Fie.  2M.—A  Compoand  ffonldiopbore  of  Rbizopogon  in  section 
(nat.  aise) :  h  the  hymenial  ohambers.  h  Capiilitial  filament  of 
Lycoperdon  (much  mag.).  0  and  D  Compoand  gonidiophore  of 
CyathuB  ttriatuB  (nat.  size):  C  entire,  showing  the  isolated  by 
menial  chambers  (peridiola) :  D  in  longitndinal  section  ;  p  pert- 
diolam ;  h  hymeniam ;  /  f oniotilus,  attaching  the  peridioinm  to 
the  peridium. 
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Tizlj  outwards,  bearing  the  endoperidiam  centrally,  either  with  or  without  a 
Btalk,  on  the  oonvez  surfaee ;  the  endoperidiam,  which  encloses  the  gleba, 
dehisces  with  a  small  apical  aperture. 

In  Tolostoma  and  Battarea  the  tissue  within  the  peridium  undergoes  differ- 
entiation into  a  gleba  and  a  stipe.  When  the  spores  are  mature,  the  stipe 
elongates,  rupturing  the  ezoperidium,  and  carries  up  the  gleba,  enclosed  in  the 
endoperidinm,  at  its  apex  with  a  portion  of  the  ezoperidium ;  the  rest  of  the 
ezoperidium  remains  as  a  voWa  round  the  base  of  the  stipe.  In  Tulostoma  the 
endoperidinm  dehisces  at  the  apex  forming  a  small  aperture ;  in  Battarea  the 
endoperidinm  oorering  the  under  surface  of  the  discoid  gleba  decays. 

Fun.  5.  Phalloidem.  The  peridium  is  dehiscent,  and  the  gleba  becomes 
maeiiagioous. 

In  the  genus  Ithyphallus  {e.g,  Phallm  impudicu*)  the  peridium  consists  of 
three  layers,  of  which  the  innermost  and  outermost  are  thin  and  firm,  whilst 
the  intermediate  layer  is  bulky  and 

mQciiaginous.    The  internal  tissue  :^^^:^--^^ 

is  differentiated  into  a  gleba  and  a 
stipe.  When  the  basidiogonidia 
are  mature,  the  stipe  elongates 
suddenly,  raptures  the  peridium  at 
the  apex,  and  carries  up  the  gleba, 
which  is  now  mucilaginous.  Tlie 
elongated  stipe  is  hollow  and  per- 
forated at  the  apex  ;  the  upper 
portion  of  the  stipe  bears  a  thick 
membrane  attached  at  the  apex, 
with  a  reticulated  surface,  the  re- 
mains of  the  gleba.  The  ruptured 
peridium  remains  as  a  voWa  round 
the  base  of  the  stipe. 

In  the  genus  Glathrus  the  peri- 
diam  is  differentiated,  as  in  Ithy- 
phallus,  into  three  layers,  the 
macilaginous  intermediate  layer 
being  trsTcrsed  by  anastomosing 
plates  of  tissue,  which  connect  the 
internal  and  external  layers.  From  the  internal  layer  of  the  peridium  a  capil- 
litiom  is  formed  (something  like  that  of  some  of  the  Myxomycetes,  but  much 
stouter,  see  Fig.  198),  which  surrounds  the  central  gleba.  The  gleba  is  con- 
nteted  with  the  base  of  the  peridium  by  a  mass  of  cartilaginous  tissue.  Before 
expansion  the  whole  gonidiopbore  has  a  somewhat  spherical  form.  When  the 
spores  are  mature,  the  capilUtium  expands,  rupturing  the  peridium  at  the  apex, 
and  lifts  the  gleba  in  its  interior  out  of  the  peridium,  which  remains  round  the 
base  as  a  Tolva.    The  gleba  undergoes  mucilaginous  degeneration. 

Sobsidisry  Qroup.  Lichenes.  A  Lichen  consists  of  a  Fungus  and  an  Alga, 
or  more  than  one,  living  in  intimate  connexion,  and  both  contributing  to  their 
mntoal  welfare— that  is,  symbiotically  (see  p.  273). 

The  Lichen-Fungus  has  always  a  mycelioid  body,  and  is  the  constituent  of 


—£04 


Kie.  225.— Section  of  cnmpoimil  fronidiophore 
of  PhaUu9  impudieuB  :  9t  stipe ;  end  endoperi- 
diam ;  M  ezoperidiam  ;  in  intermediate  mud- 
laglDoas  layer ;  g  gleba.  (Redaced :  after 
Sachs.) 
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the  Lichen  which  bears  the  reproductive  organs.  From  the  nature  of  these 
organs  the  Lichen-Fungi  have  been  found  to  belong  chiefly  to  the  discomyce- 
tons  and  pyrenomyoetous  Ascomycetes,  but  a  few  are  basidiomycetons,  belong- 
ing to  the  orders  Hymenomyoetes  and  Gasteromycetes.    The  Lichens  may  be 

classified  as  follows,  according 
to  the  nature  of  the  Fungus. 

I.  Asoolichenes    (Asoomyce* 
touB  Lichens). 

1.  Discolichenes  (Discomj- 
cetous  Lichens),  e.g. 
Parmelia,  Collema, 
Usnea,  Peltigera, 
Stiota,  Cladonia,  etc., 
Lecidea,  Graphis. 

2.  Pyrenolichenes  (Pjre- 
nomycetousLichens), 
e.g.  Pertusaria,  Epbe- 
be,  Liohina,  Yerru- 
caria,  Endocarpon, 
etc 

II.  Basidiolichenes  (Basidio- 
myeetous  Lichens). 
Lichens),    Cora,    Dictyonema, 


'^i 


Fx».  226.— Section  of  a  ■permogoniam  of  iliuu 
ptyohia  eUiarit  t  tp  the  aperture  at  the  surfaoe  i 
e  cortex,  and  m  medallary  portion,  of  the  thallns ; 
y  Uiyer  of  algal  cells.    (Alter  Strasbarger.) 


1.  Hymenolichenes   (Hymenomyoetous 

Bhipidonema,  Laudatea. 

2.  Gasterolichenes  (Gasteromyoetous  Lichens),  Emericella. 

The  reproductive  organs  of  the  Asoolichenes  are  sterigmata,  producing 
spermatia,  contained  in  spermogonia  (Fig.  226)  ;  archicarps  (in  the  order 
CoUemaceflB),  differentiated  into  a  coiled  ascogonium  and  a  multicellular  pro- 
jecting  trichogyne;    and  asoocarps,  which  are  either  apotheoia   (discomyce- 

tous)  or  peiithecia  (pyrenomy* 
/r   j.-^^wN.^^  n     •^j  A  cetous)  ;  the  archicarp,  appar- 

^.rlvmSs         A'-.Aa^^aift        -M-^i.  ently  after  fertilisation  (see  p. 

298),  gives  rise  to  filaments 
which  form  the  hymenial  layer 
(consisting  of  asci  and  para- 
pbyses)  of  the  apothecium,  and 
outgrowths  from  the  adjacent 
vegetative  hyph»  form  the  wall 
{exeipulum)  of  the  apothecium. 
In  the  fructification  of  the 
Basidiolichenes  there  is  a  hy- 
menial layer  consisting  of  para- 
physes  and  basidia,  the  latter 
bearing  apical  sterigmata,  on 
each  of  which  a  basidiogoni- 
dium  is  produced  by  terminal 
abstriction. 
Lichens  are  also  reproduced 


Fie.  277.^A-D  Soredia  of  Utnea  barbata.  A  A 
simple  Boredium,  consisting  of  an  algal  cell  covered 
with  a  web  of  hypha.  B  A  soredium,  in  which  the 
algal  cell  has  muliiplied  by  division.  C  A  Kroup 
of  simple  soredia,  resulting  from  the  penetration  of 
the  byphea  between  the  algal  cells.  D  R  Germin- 
ating soredia :  the  hyphee  are  forming  a  growing- 
point,  and  the  algal  cells  are  moltiplyiug.  (Alter 
Sachs.) 
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bj  gemmfls,  termed  toredia^  whiob  consist  of  one  or  more  algal  cells  invested 
bj  hyphe ;  they  are  badded  off  from  the  surface  of  the  thallus,  and  grow  into 
new  plants  (Fig.  227). 

The  Lichen- AlgsB  belong  either  to  the  OyanophycesB  or  to  the  ChlorophycetB. 
In  the  following  liat  the  principal  algal  forms  with  their  corresponding  Lichens 
are  enomerated* 


A.  Cyanophyces. 

Scytonemaces  (Scytonema,  Sirosiphon)   .    Ephebe,  Spilonema,  Polyohidinm, 

Bhipidonema,  Dictyonema, 
Heppia,  Porooyphas. 

fiiTolariaeesB     •    •    » Lichina,  Bacoblenna. 

NoetocacesB CoUema,  Lempholemma,  Lepto- 

gium,  Peltigera,  Pannaria. 

ChrooooceacexD Omphalaria,  Euchylium,  Phyllis- 

ciom,  Cora. 

B.  Ghlorophyceie. 

Protoooccaces  (Plearococcas,  Gystocoocus, 

etc.) Sticta,    Physoia,    Evemia,    Cla- 

donia,  Usnea,  Parmelia,  An- 
aptychia,  Endocarpon,  etc. 

ConfervoidesB  (Trentepohlia)  .    .    »    •    •    Graphideie,  Yerracarieas. 

ColeocbsBtaoeflB Opegrapha. 

The  algal  cells  or  filaments  may  be  distributed  throaghoat  the  thallns,  when 
it  is  said  to  be  homoiomeroui  (Fig.  208) ;  this  is  usually  the  case  in  gelatinous 
Lichens  (such  as  the  CollemaceflB),  in  which  the  Alga  belongs  to  the  GyaQophycesB, 
bat  also  in  some  non-gelatinous  forms  in  which  the  Alga  belongs  to  the  Chloro- 
phycee  (such  as  Gcsnogonium,  Bacodiam.  and  others,  in  which  the  Alga  is 
Trentepohlia) :  or  they  may  be  arranged  in  a 
definite  layer  near  the  surface  of  the  thallus, 
when  it  is  said  to  be  heUromerous  (Fig.  229), 
as  in  the  case  of  nearly  all  these  Lichens  of 
which  the  AlgsB  belong  to  the  Ghlorophyceie, 
and  some  in  which  the  AlgsB  belong  to  the 
CTanophyceflB  {e.g.  Peltigera,  Pannaria).  In 
some  heteromerous  forms  {e.g.  Thelidium), 
the  Alge  are  quite  on  the  surface.  Occasion- 
ally (e.g.  Endocarpon)  algal  cells  are  present  Fxo.  228.  —  A  gelatinons  Lichen, 
in  the  hymenium.  CoUtma  rmlpotum,  eUghUy  magni- 

-.  .  „       *«x^ji  4U-i.  41.-  9^».^       fied.    It  is  homoiomeroos,  and  the 

It  may  be  generaUy  stated  that  the  form      ^^  ^  ^^^    ^^^^  g^^^ 

of  the  thallus  is  determined  in  the  homoio- 
meroos Lichens  by  the  Alga,  in  the  heteromerous  Lichens  by  the  Fungus.    In 
the  latter  ease  three  main  forms  are  distinguished  : — 

(a)  fruticote  LUheiu,  in  which  the  thallus  grows  erect,  branching  in  a  shrub- 
like  manner.  Of  this  form  are  the  yarious  species  of  Usnea  (Fig.  230  A),  and 
allied  genera  with  a  cylindrical  thallus,  which  grow  on  trees :  Roccella  ttnc- 
toria  grows  on  rocks  in  regions  bordering  on  the  Mediterranean  ;  from  it  and 

Y.S.B.  T 
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other  allied  Lichens  litmas  is  prepared  :  Ramalina  and  Evernia,  with  a  ribbon 
shaped  flattened  thallas,  occur  on  trees  and  wooden  fences  :  Cetraria  islandiea 
is  the  Iceland  Moss,  which  forms  a  mucilaginous  fluid  when  boiled  with  water  : 
Anaptyehia  ctZtaru,  which  resembles  the  foliaceous  Lichens,  with  a  flattened 
thallus,  is  common  on  the  trunks  of  trees :  Cladonia  has  a  scalj  decumbent 
thallus,  from  which  erect  branches  spring  bearing  the  apothecia;  Cladonia 
Jimbriata  is  common;  Cladonia  rangiferina,  the  Reindeer  Moss,  occurs  on 
moors:  Sphssrophorus  has  the  same  external  appearance,  but  it  is  pyreno- 
carpouB. 

(6)  foliaceous  Licluns,  in  which  the  thallus  is  flattened  and  adheres  to  the 
substratum:  the  green  (rarely  bluish-green)  algal  cells  form  a  single  layer 
beneath  the  upper  surface  (Fig.  229).  The  margin  of  the  thallus  is  usually 
lobed.  ..... 

Parmelia  parietina  occurs,  with  its  bright  yellow  thallus  bearing  apotbecia, 

on  tree-irunks  and  walls,  to- 
gether with  other  speeies  of 


a  grey  colour ;  Sticta  piMlmon- 
acea  (Fig.  230  B)  has  a  reti- 
culated yellowish  thallus,  and 
grows  on  tree-trunks :  Pelti- 
gera  is  represented  by  several 
species  which  grow  on  mossy 
banks  in  woods;  the  apothecia 
are  borne  on  the  margin  of 
the  lobes  of  the  thallus :  Urn- 
bilicaria  and  Gyrophora,  of  a 
dark  colour,  grow  on  silicious 
rocks :  Endocarpon  has  a 
grey  thallus  with  nnmerons 
small  peri theoia, which  appear 
as  black  dots  ;  it  grows  on 
rocks. 

(c)  enutaeeotu  Lichens^  in 
which  the  thallus  is  usually 
indefinite  in  outline,  and  can 
often  be  scarcely  distinguished 
from  the  substratum,  tbe 
fructification  alone  being  con- 
spicuous. 

The  Lichens  of  this  form 
are  extremely  numerous. 
Among  them  may  be  men- 
tioned the  Lecanoreffi,  of 
which  Lecanora  tubfusca  occurs  on  the  trunks  of  trees  :  the  Lecideaces,  which 
occur  mainly  on  earth  and  rocks,  Lecidea  geographical  forming  bright  yellow 
incrustations  of  considerable  extent  on  silicious  rocks  :  the  Graphidece,  of  which 
Oraphis  scripta  is  common  on  the  trunks  of  Beeches  and  other  trees:  the 
small  Galicieae,  which  are  common  on  wooden  fences :  the  Bseomyceie,  of  which 


Fio.  229.— Transverse  section  of  the  heteromerous 
thallus  of  Sticta  fuliginoM  (x  600).  o  Cortex  of  the 
ap{)or  surface  ;  u  under  surface  ;  m  network  of 
hypbaB  forming  the  medullary  layer;  g  algal  cells; 
r  root-like  outgrowths  (rhizines)  of  the  under  surface. 
(After  Sachs.) 
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Ti:  210.— ii  A  fraticose   Lichen,  Ujinfa  harhaia,  with   apothecia,  a. 
Lichen,  Stietx  puIm^mocM,  with  apotheoia,  a  (nat.  size).    (After  Sachs.) 


B  A  foliaceous 


Bceomyces  ru/ug  is  comraon  on 
Bandy  soil:  the  Verrncurieae,  the 
Pertaaaries,  etc. 

Many  species  of  crastnceons 
Licheus  inhabit  the  highest 
peaks  of  the  Alps,  and  other 
lofty  nionntainSf  ou  which  there 
it  no  other  vegetation,  and  they 
eontribate  materially  to  the  wea- 
tbering  of  the  rocks  and  to  tiie 
forraatioQ  of  a  vegetable  soil. 
When  they  grow  on  the  trunks  of 
trees,  they  occur  more  especially 
npon  those  which  have  a  smooth 
surface ;  the  formation  of  a  rough 
bark  seems  to  interfere  with  their 
growth.  Lichens  may  become 
completely  dried  np  without  los- 
ing their  vitality. 


Fio.  231.— Ci-nstaeeons  Lichens.  A  and  B 
Graphi*  elegam:  li  i*lightly  mnsrnified.  C  Per- 
tuaan'tt  Wvlfeni,  slightly  magnifled.  (After 
Sachs.) 
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GROUP  II. 
BBYOPHYTA   (MuscineiB). 

The  plants  forming  this  group,  that  is  the  Liverworts  (Hepa- 
tic8D)  and  the  Mosses  (Musci),  are  characterised  by  the  following 
distinctive  features.  Their  life-history  presents  a  regular  and  well- 
marked  alternation  of  generations :  the  gametophjte  is  the  more 
conspicuous  form,  constituting  '*  the  plant/'  and  does  not  possess 
the  power  of  reproducing  itself  asexual ly  by  gonidia,  which  is  so 
common  among  the  Thallophyta :  the  sporophyte  is  a  sporogonium, 
presenting  indications  of  differentiation  into  root  and  shoot,  bat 
not  of  the  shoot  into  stem  and  leaves ;  it  never  becomes  an  inde- 
pendent individual,  but  remains  attached  to  the  gametophyte, 
from  which  it  derives  much  of  its  nutriment.  In  some  of  the 
Mosses  there  is  an  indication,  in  both  the  sporophyte  and  the 
gametophyte,  of  a  differentiation  of  vascular  tissue. 

The  Gametophyte  is  heteroblastic  (see  p.  14)  in  its  development. 
The  germinating  spore  does  not  at  once  give  rise  to  what  is  known 
as  the  "  Moss-plant,"  but  produces  an  embryonic  body,  the  proto- 
7iema,  which  consists  generally  of  a  branched  filament,  but  occasion- 
ally of  a  flat  layer,  of  cells  which  contain  numerous  chloroplastids. 
The  protonema  is  generally  inconspicuous  and  short-lived  in  the 
Hepaticse,  whilst  in  the  Musci  it  is  more  amply  developed  and  may, 
either  wholly  or  in  part,  persist  from  year  to  year. 

The  *^  Moss-plant  "  is  the  adult  sexual  form.  It  does  not  possess 
any  true  roots,  but  is  attached  to  the  soil  either  by  unicellular 
root-hairs  (Hepatica?),  or  by  multicellular  protonematoid  filaments 
termed  rhizoids  (Musci).  The  body  of  the  '*  Moss-plant  "  is  essen- 
tially a  shoot,  which  is  highly  developed  and  specialised  in  con- 
nexion with  the  functions  which  it  performs — the  development  of 
the  sexual  reproductive  organs  and,  in  the  case  of  the  shoots 
bearing  female  reproductive  organs,  the  nourishment  of  the  at- 
tached spoi-ophjte  developed  in  consequence  of  fertilisation.  The 
adult  shoot  aiises  as  a  lateral  (rarely  terminal)  bud  on  tho  proto- 
nema :  the  protonema  may  give  rise  to  a  single  shoot  (Hepaticse) 
or  to  several  (generally  in  Musci).  In  the  latter  cases,  the  adult 
shoots  may  become  distinct  "  plants  "  by  the  complete  or  partial 
dying  away  of  the  protonema.  The  symmetry  of  the  shoot  is, 
almost  uniformly,  doi*siventral  in  the  Hepaticsa  and  radial  in  the 
Musci.      It  is  either  thalloid,  as   in  most   Hepatic®;    or  it  is 
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differentiated   into   Rtem   and   leaf,   as   in    the   higher   Hepaticse 
(foliose  Jangermanniaceae)  and  in  the  Musci. 

The  sexual  organs  are  borne  on  the  adult  shoot,  and  are  an- 
theridia  and  archegonia.  They  are  rarely  borne  singly  or  scat- 
tered, but  more  commonly  in  groups  (sori)  surrounded  by  some 
kind  of  protective  investment  to  which  the  general  term  involucre 
may  be  applied.  In  some  cases  the  portion  of  the  shoot  which 
immediately  bears  the  sexual  organs  is  more  or  less  specialised  as 
a  receptacle^  and  in  others  special  repix>ductive  branches,  gameto- 
phores,  are  differentiated,  and  may  be  either  antheridiophores  or 
arcbegoniophores.  In  the  lower  Hepatic®  the  sexual  organs  are 
generally  borne  on  the  upper  (dorsal)  surface  of  the  shoot,  whilst 


Fio.  tSL^FuMirU  ky^romrtriea  (Mosit).  A  Germinating  iporeB :  w  rhizoid  ;  •  exospore. 
B  htftof  a  protonema, abont  three  weeks  after  the  fir«nx)i'>Ation of  the  epore:  ha  pro- 
eambent  primary  «hoot  with  brown  wall  and  obliqne  septa,  out  of  which  arise  the 
Moeeding  branches  with  limited  growth :  K  rudiment  of  a  leaf-bearing  axis  with  rhisoid 
(V).   <4  X  UO:  BaboatM.) 

in  the  higher  Hepaticae  (Jungermanniacese  acrogynce)  and  in  the 
Mosses  they  are  borne  at  the  apex. 

The  distribution  of  the  sexual  organs  is  various :  the  male  and 
female  organs  may  be  borne  on  distinct  shoots,  when  they  are 
duxcious;  or  on  different  branches  of  the  same  shoot,  when  they 
are  m(m€Bcious  but  diclinous ;  or  together  in  the  same  sorus,  when 
they  are  monoclinous.  In  Mosses  it  appears  to  be  the  rule,  in 
diodcions  forms,  that  a  protonema  always  bears  both  male  and 
female  shoots. 
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Fis.  233.— Funaria  hygromeU 
rica  (Bfoas).  A  An  antberidium 
bursting :  a  fehe  rpermatosoids 
(x  350X  B  Spermatosoids 
( X  800) ;  h  in  the  mother-cell ; 
0  free  spermatozoid  of  Poly- 
trichum. 


Fio.  ti'i.—A  Antheridinm  of  Marehaniia  polymorpha  (Livor. 
wort)  in  optical  longitadinal  section:  p  paraphjaee  (x  90). 
B  Spermatozoids  ( x  600) :  (aft«r  Strasbnrger). 


The  sexual  organs  are  always  multi- 
cellular. The  antheridium  (Figs.  233, 
234)  is  a  capsule  of  various  shape,  hav- 
ing a  longer  or  shorter  stalk;  its  wall 
consists  of  a  single  layer  of  cells  which 
contain  chloroplastids  when  young  ;  in- 
ternally it  consists  of  very  namerous 
small  cells,  each  of  which  eventually 
gives  rise  to  a  single  spemiatozoid. 

The  spermatozoid  is  a  cell,  consisting  of 
a  naked  filament  of  protoplasm,  spirally 
twisted,  thickened  at  the  posterior  end 
where  lies  the  nucleus,  tapering  at  the 
anterior  end  where  it  terminates  in  two 
long  cilia  by  means  of  which  it  swims 
(see  p.  116);  the  spermatozoids  are  set 
free  by  the  rupture  of  the  antheridial 
wall,  which  usually  takes  place  at  the 
apex  of  the  antheridium. 

The  archegonium  is  flask-shaped  and 
shortly  stalked  (Figs.  235,  236)  ;  it  con- 
sists  of  a  slightly  dilated  basal  portion, 
the  venter,  and  of  a  long  slender  neck. 
The  axis  of  the  archegonium,  when 
young,  is  occupied  by  a  central  row  of 
cells  ;  the  basal  cell  of  this  row,  lying  in 
the  venter,  is  the 
central  cell  of  the 
archegonium  ;  it 
grows  consider- 
ably, and  event- 
ually divides  into 
two  unequal  parts, 
an  upper  and 
smaller,  the  ventral 
canal' cell,  and  a 
lower  and  lai'ger 
which  is  the  female 
reproductive  cell 
of  oosphere:  the 
upper  cells  of  the 
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central  row  constitute  the  neck-canal-cells.     At  maturity  the  ter- 
minal cells,  Itd'CellSf  of  the  neck  separate;    the  neck-canaUcells 
and  the  ventral  canal-cell  become  mucilaginous  and  disorganised, 
80  that  the  oosphere  is  placed  in  commanication  with  the  exterior 
by  the  canal   of  the  neck.     Fertilisation  takes   place  when   the 
plants  are  more  or  less  covered   with  water  from  rain  or  dew. 
Then  the  antheridia  dehisce,  the  sperm atozoids  are  set  free,  and, 
since  the  male  and  female  oi^ans  are  at  no  great  distance,  thej, 
swimming      by 
means    of     their 
cilia,    come    into 
the  neighbour- 
hood of  the  arche- 
gonia ;    they  are 
attracted  to  enter 
the    necks    of 
archegonia  by 
the  escaping  mu- 
cilage formed  by 
the    disorganisa- 
tion of  the  canal- 
cells,  which  con- 
tains an  organic 
acid    which    has 
been  shown  to  be 
especially  attrac- 
tive to  spermato- 
soids.     One   of 
the      entering 
spermatozoids 
travels  down  the 
canal    to    the 
oosphere,     which 
it  penetrates,  the 
naclens    of     the 

spermatozoid  fusing  with  that  of  the  oosphere.  Fertilisation  is 
now  complete  ;  the  fertilised  oosphere  sun-ounds  itself  with  a  cell- 
wall  and  becomes  the  oospore,  which  begins  to  divide  and  to 
develops  into  the  sporophyte. 

The  effect  of  fertilisation  is  not  confined  to  the  oosphere.     Tho 
adjacent  tissue  of  the  shoot  is  stimulated  to  growth,  and  in  somo 


Fi».  236.— ITorcJiontto  polyvMrpha.  A  Young ;  B  mature,  but 
unfertilised,  arcbegoninm.  0  Fertili«ed  archegonium,  with 
dividing  oospore,  k*  Neck-canal-cells ;  k"  ventral  canal-cell; 
0  oospbere ;  pr  perigynium.    ( x  640 :  after  Strasburger.) 
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forms  (SphagnacesB,  AndreeeacesB)  it  grows  out  into  a  long  leafless 
stalk,  the  pseudopodium,  which  carries  np  the  fertilised  arche- 
gonium  on  its  apex.  The  venter  of  the  archegoniam  also  grows, 
forming,  either  by  itself  or  together  with  the  adjacent  tissue  of 
the  shoot  (as  commonly  in  the  Hepaticse),  an  investment,  termed 
the  calyptra^  which  surrounds  the  developing  embryo  within  and, 

for  a  longer  or  shorter  time,  keeps 
pace  with  its  growth. 

The  gametophyte,  though  it  can- 
not prodnce  gonidia,  has  a  re- 
markable power,  especially  in  the 
Musci,of  reproducing  itself  vegeta- 
tively.  This  is  effected  frequently 
by  the  gemmce,  formed  from  va- 
rious parts  of  the  body :  the 
leaves,  for  instance,  in  the  foliose 
HepaticBB;  or  in  distinct  recep- 
tacles termed  cupules,  as  in  the 
MarchantiesB  and  some  Musci. 
The  gem m 88  are  either  nnicellular 
or  multicellular,  and,  in  the  latter 
case,  may  be  either  spherical  or 
flattened  in  form.  In  the  branched 
forms  vegetative  propagation  is 
effected  by  the  dying  away  of 
the  main  shoot  or  of  the  larger 
branches,  the  smaller  branches 
becoming  isolated  and  constitut- 
ing independent  plants.  In  the 
Musci  almost  any  part  is  capable, 
nnder  favourable  conditions,  of 
growing  out  into  protonemal  fila- 
ments on  which  new  adult  shoots 
are  developed. 

With  regard  to  the  histology  of 
the  adult  shoot,  it  need  only  be 
pointed  out  that  rudimentary  vas- 
cular tissue,  absent  in  the  Hepa- 
ticoe,  is  to  be  found  in  the  stems 
and  the  midribs  of  the  leaves  of  many  Musci;  and,  further,  that  the 
epidermis  is  not  clearly  differentiated  as  a  tissne-systom,  and  is 


Fio.  296.— Funaria  hygrtymetrio;  A 
Longitudinal  section  of  the  summit  of  a 
weak  female  plant  ( x  100) :  a  archegonia ; 
b  leaves.  B  An  archef^oninm  ( x  660)  : 
b  ventral  portion  with  the  oosphere ;  h 
neck ;  m  month  still  closed ;  the  cells  of 
the  azile  row  are  b^inning  to  be  con- 
verted into  mucilage.  C  The  part  near 
the  month  of  the  neck  of  a  fertilised 
archegoniam  with  dark  red  cell-walls. 
(After  Sachs.) 
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destitote  of  stomata.  It  is  true  that  in  some  Hepaticse  (e.g 
Anthoceros,  Marchantia,  etc.,  Fig.  241)  there  are  strnctures  in 
the  superficial  layer  which  are  erroneously  called  stomata ;  these 
are  merely  pores,  and  differ  altogether  in  stmctnre  and  develop- 
ment from  the  true  stomata  which  are  to  be  found  on  the 
sporophyte  of  Anthoceros  and  of  most  Musci,  as  well  as  on  the 
sporophyte  of  the  higher  plants. 

The  Spobophtte,  the 
aftexoal  spore  -  producing 
form,  is  developed  from' the 
oospore  within  the  venter 
of  the  archegoninm  (Fig. 
237);  its  development  is 
direct  and  holoblastic.  The 
oospore  divides  first  into 
two  cells  by  a  transverse 
wall,  the  basal  wall,  at  right 
angles  or  obliquely  to  the 
long  axis  of  the  archegon- 
ium;  the  upper  cell,  the 
one  next  the  neck,  is  termed 
the  epibasal  cell,  the  lower 
the  hypobasal  cell.  This  is 
followed  in  some  Hepaticse 
(Marchantiaceee,  Antho- 
cerotaceffi)  by  the  formation 
of  two  walls,  at  right  angles 
to  the  basal  wall  and  to 
each  other,  which  are  known 
as  the  quadrant  and  octant 
walls,  since  they  respectively 
segment  the  oospore  into 
quadrants  and  octants  of  a 
sphere.  In  other  Hepaticaa, 
and  generally  in  the  Musci, 
the  segmentation  into  oc- 
tants is  confined  to  the  epibasal  cell,  the  hypobasal  cell  either 
remaining  undivided,  or  dividing  irregularly.  With  the  exception 
of  some  of  the  lower  Hepaticse  (Riccieae),  where  epibasal  and  hypo- 
basal cells  alike  contribute  to  the  formation  of  the  capsule  in 
which  the  spores  are  developed,  the  epibasal  cells  alone  g^ve  rise 


Pio.  287.— Funarttf  hygromtlrioa,  A  Develop- 
ment  of  the  Bporofironiam  (/  /)  in  the  ventral 
portion  (bb)  of  the  archegoninm  GoQgitndinal 
MCtion  X  600).  B  C  Different  farther  stages  of 
development  of  the  sporogonlnm  (/)  and  of 
Ihe  calyptra  (o) ;  k  neck  of  the  archegoninm. 
( X  abont  40.) 
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to  the  capsule.  The  bypobasal  cell  gives  rise  to  the  foot,  which  is 
well -developed  in  the  lower  forms  of  both  HepaticsB  and  Musci, 
but  is  rudimentarj  in  the  higher.  The  foot,  as  stated  on  page  14, 
is  essentially  an  embryonic  organ ;  but  it  persists,  acting,  when 
sufficiently  developed,  as  the  organ  of  absorption  and  attachment, 
throughout  the  life  of  the  Moss-sporophyte,  because  the  sporo- 
phyte,  since  it  does  not  become  fi*ee  and  independent,  does  not 
altogether  develope  beyond  the  embryonic  stage.  In  most  forms 
the  epibasal  half  of  the  oospore  also  gives  rise  to  a  longer  or  shorter 
stalk,  the  seta^  by  the  elongation  of  which  the  capsule  is  raised  up 
out  of  the  calyptra.  In  those  HepaticiB  which  have  a  seta,  its 
elongation,  and  the  consequent  rupture  of  the  calyptra,  takes  pla«e 
suddenly  when  the  capsule  is  already  mature  and  the  spores  fully 


Fio.  238.— OomparatiTe  morphology  of  the  sporo{?oniam  in  the  Bryopbyta :  diAgr«m« 
matic  transverte  sections  of  the  young  capsale.  A  Sphierocarpas  (typical  Liverwort> ;  B 
Ceratodon  (typical  Moss) ;  0  Anthoceros  (aberrant  Liverwort).  E  Bndotbecium :  9-f 
priinary  divisions  (quadrant  and  octant  walls) ;  •  (shaded)  archesporium ;  C  columella. 
{A  and  C  after  Leitgeb ;  h  after  Kienitz-Grerloff.) 

developed;  in  the  Musci  its  elongation  is  gradual,  whilst  the 
capsule  is  still  rudimentary,  and  the  rupture  of  the  calyptra  takes 
place  relatively  early.  In  the  HepaticaB  and  some  Musci  (Sphag- 
nace©,  Archidium,  Phascum,  Epheraerum)  the  whole  of  the 
ruptured  calyptra  remains  as  a  sheath,  the  vaginula,  round  the 
base  of  the  seta  :  but  in  the  higher  Musci  (Andrefleacese,  most 
BryiiieaB)  the  calyptra  is  ruptured  transversely  into  an  upper  and 
a  lower  half;  the  latter  constitutes  the  vaginula,  whereas  the 
former  is  caiTied  up  as  a  cap  on  the  top  of  the  capsule.  In  some 
forms,  where  the  true  hypobasal  foot  is  rudimentary  (some  Junger- 
pianniacesB  and  Bryineoe)  and  is  functionless,  the  base  of  the  seta 
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becomes  dilated  to  form  ^  false  foot  (epibasal)  whicb  performs  the 
fanctions  of  attachment  and  absorption. 

The  tissue  of  the  developing  capsule  becomes  differentiated  into 
an  external  layer  (or  layers)  of  cells,  termed  the  amjphiihecium, 
which,  in  nearly  all  cases  (except  Anthocerotace®  and  Sphagnaceas) 
forms  only  the  wall  of  the  capsnle ;  and  an  internal  solid  masa  of 
cells,  the  endothecium.  The  spores  are  developed  from  a  mass  or 
a  layer  of  cells  termed  the  archesporium.  In  the  HepaticsB  the 
archesporinm  includes  the  whole  of  the  endothecinm  (except  in 
Anthocerotaceso,  Fig.  238  C),  and  the  archesporial  cells  are  either  all 
sporogenons  (BiccieaB)  or,  as  is  more  frequently  the  case,  some  of 
them  are  sterile  and  generally  become  spirally  thickened  and  elon- 
gated in  form  when  they  are  termed  elaters.  In  the  Moss  Archi- 
dinm  there  is  no  defined  archesporium,  the  sporogenons  cells  being 
scattered  throughout  the  endothecinm.  In  the  Anthocerotaceao 
and  in  the  Mnsci  (except  Archidium)  the  archesporinm  is  a  layer 
of  cells :  it  is  generally  Ihe  external  layer  of  the  endothecium,  but 
in  most  of  the  AnthocerotacesB  and  in  the  Sphagnacece  it  is  the 
innermost  layer  of  the  amphithecium.  In  these  forms  where  the 
archesporium  is  a  layer  of  cells,  the  internal  sterile  tissue  of  the 
endothecium  constitutes  what  is  termed  the  columella.  The  arche- 
sporial cells  are  either  themselves  the  mother-cells  of  the  spores, 
or  they  undei^o  division  to  form  these  cells.  Each  mother-cell 
gives  rise  to  four  spores  ;  the  nucleus  divides  into  two,  and  each 
of  these  divides  again ;  the  protoplasm  agg^gates  round  the  four 
naclei,  constituting  four  cells  which  surround  themselves  with  a 
proper  wall  and  which  are  the  spores.  They  do  not  usually  all 
lie  in  one  plane,  but  are  placed  tetrahedrally.  The  mature  spore 
is  a  cell,  consisting  of  a  mass  of  protoplasm,  with  a  nucleus,  and 
containing  chloroplastids,  starch-grains  and  oil^drops;  the  wall 
consists  of  two  layers  of  the  usual  structure  (see  p.  69).  During 
the  formation  of  the  spores  the  mother-cells  become  isolated  from 
each  other,  floating  freely  in  a  mucilaginous  liquid  in  the  interior 
of  the  capsule. 

The  escape  of  the  spores  fram  the  capsule  is  effected  in  various 
ways.  In  some  cases  the  wall  of  the  capsule  simply  decays  {e.g. 
Riccieie,  Phascum),  or  it  splits  into  valves  (eg,  Jungermanniacete), 
or  the  upper  part  is  thrown  off  as  a  lid  or  operculum  (e.g.  some 
MarchantiesB,  Sphagnaceae,  most  Bryineae). 

On  being  set  free,  the  spores  germinate,  when  the  conditions 
are  favourable,  giving  rise  to  the  protonema.      The  brittle  exo- 
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sporiam  being  rnptnred,  the  coatents,  covered  bjthe  endosporinm, 
then  generally  grow  out  in  the  form  of  a  filament,  which  is  the 
beginning  of  the  protonema.  In  some  rare  cases  (e.g.  Pel  Ha, 
Andi^sBa)  cell -divisions  take  place  within  the  spore  before  the 
exosporiam  is  rnptnred,  so  that  the  protonema  is  from  the  first  a 
mass  or  a  layer  of  cells. 

The  body  developed  from  the  oospore,  which  constitutes  the 
asexual  generation  or  sporophyte  of  the  Bryophyta,  is  termed  the 
sporogonium.  With  regard  to  its  general  morphology  it  may  be 
considered  (except  in  Riccieea)  to  present  differentiation  into  root 
and  shoot;  the  foot,  however  rudimentary,  developed  from  the 
hypobasal  half  of  the  oospore,  represents  the  root ;  the  capsule  and 
the  seta  (when  present),  developed  from  the  epibasal  half  of  the 
oospore,  represent  the  shoot.  The  shoot  is  in  no  case  differenti- 
ated into  stem  and  leaf.  In  the  RicciesB  the  products  of  the 
hypobasal  and  epibasal  cells  are  quite  similar,  so  that  the  whole 
thalloid  sporogonium  consists  only  of  a  capsule.  Hence,  whilst  it 
is  the  rule  in  the  Bryophyta  that  sporogenous  cells  ait)  only  de- 
veloped in  the  shoot-portion  of  the  sporophyte,  that  is,  are  derived 
only  from  the  epibasal  cell,  in  the  Kicciesd  the  derivatives  of  the 
hypobasal  cells  are  also  sporogenous. 

The  sporogonium  is  not  an  independent  sporophyte,  but  remains 
attached  to  the  gametophyte,  obtaining  from  it  either  the  whole 
or  a  portion  of  its  food.  It  must,  however,  be  clearly  understood 
that  there  is  no  eontinaity  of  tissue  between  the  two  genei'ations ; 
the  sporophyte  is  simply  inserted  into  the  tissue  of  the  gameto- 
phyte. In  the  Hepatic83  the  sporophyte  is  short-lived  (except  in 
Anthoceros),  and  is  entirely  dependent  upon  the  gametophyte  for 
its  nutHtion.  In  Anthoceros,  and  in  most  of  the  Musci,  the  capsule 
possesses  more  or  less  well-developed  assimilatory  tissue,  and  its 
epidermis  is  provided  with  stomata,  so  that  the  sporophyte  is 
capable  of  using  the  carbon  dioxide  of  the  air  as  its  carbonaceoas 
food,  and  is  dependent  upon  the  gametophyte  only  for  its  supply 
of  water  and  salts.  In  many  of  these  forms  the  seta  has  a  central 
strand  of  rudimentary  vascular  tissue  through  which  the  water 
and  salts,  absorbed  from  the  gametophyte,  can  travel  to  the  region 
of  the  capsule  where  assimilation  and  ti^nspi ration  are  carried  on. 

The  Bryophyta  (MuscinesB)  are  divided  into  two  classes,  the 
distinctive  characters  of  which  are  as  follows : — 

Class  III. — Hepaticis  (Liverworts). 

Oametophytic  Characters,  Protonema,  generally  short-lived,  in- 
conspicuons,  a  flattened  expan3ion. 
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Adalt  shoot,  generally  dorsi ventral ;  thalloid  in  manj  forms ; 
hfts  nnicellalar  root-haird;  no  trace  of  yascalar  tissue;  leaves 
(when  present)  destitute  of  a  midrib. 

Sporophytic  Characters.  The  sporogonium  remains  within  the 
caljptra  nntil  the  spores  are  ripe ;  the  ruptured  ealyptra  remains 
as  a  vaginnla,  no  portion  of  it  being  raised  as  a  cap  on  the  sporo- 
gonium ;  the  elongation  of  the  seta  (when  present)  is  sudden ;  the 
growth  of  the  sporogonium  is  not  effected  by  a  two-sided  apical  cell. 

The  archesporinm  (except  in  the  Anthocerotacese)  is  a  mass  of 
cells  co-extensive  with  the  endothecium;  in  all  cases  (except 
Riccie®)  some  of  the  archesporial  cells  are  sterile,  being  frequently 
developed  into  elaters ;  a  columella  is  present  only  in  the  Antho- 
cerotaceie. 

There  is  no  trace  of  vascular  tissue  in  the  sporophyte,  nor  are 
there  any  stomata  in  its  epidermis  (except  Anthocerotaces). 

Class  IV.— Musci  (Mosses), 

Oametophytic  Characters,  Protonema  frequently  persistent, 
well-developed,  generally  filamentous.  Adult  shoot,  radial  or 
isobilateral ;  always  difPei'entiated  into  stem  and  leaf ;  no  root- 
hairs,  but  branched  multicellular  rhizoids ;  stem  frequently  with 
a  central  strand  of  rudimentary  vascular  tissue ;  leaves  generally 
with  a  midrib. 

Sporophytic  Characters,  The  sporogonium  escapes  from  the 
ealyptra  at  an  early  stage  ;  a  portion  of  the  ealyptra  (with  certain 
exceptions)  is  earned  up  ad  a  cap  on  the  sporogonium  ;  the  elonga- 
tion of  the  seta  is  gradual ;  the  growth  of  the  sporogonium  is 
(except  SphagnacesB)  effected  by  a  two-sided  apical  cell. 

The  arches porium  is  not  co-extensive  with  the  endothecium,  but 
is  a  layer  of  cells  (except  Archidium)  ;  the  archesporial  cells  are 
all  sporogenons,  none  being  sterile  or  forming  elaters ;  there  is  a 
well-developed  columella  in  the  capsule. 

The  seta  frequently  has  a  central  strand  of  rudimentary  vascular 
tissue;  the  epidermis  of  the  capsule  is  generally  provided  with 
stomata. 

Class  III.— Hepaticjg  (Liverworts). 

A.  The  Gametophttb.  The  spore  gives  rise,  on  germination, 
to  a  small  protonema  which  is  sometimes  filamentous,  but  more 
generally  a  flattened  cellular  expansion. 

The  Adult  Shoot  springs  from  the  protonema.  Its  symmetry  is 
doraiventral,  except  in  Haplomitrium  and  some  species  of  Riella 
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in  which  it  is  radial.  It  is  generally  thalloid,  bat  is  differentiated 
into  stem  and  leaves  in  some  forms  {e.g.  foiiose  Jangermanniaceee). 
Its  growth  is  effected  by  an  apical  growing-point  in  which  there 
is  either  a  group  of  initial  cells  (Marchantiaceee,  Anthocerotaceffi), 
or  a  single  apical  cell  (Jungermanniacese).  The  branching  is 
commonly  dichotomons,  taking  place  in  the  plane  of  expansion ; 
bat  the  development  of  branches  from  the  ventral  surface  is  con- 
stant in  several  genera. 

The  dorsiventral  shoot  bears  nnmerons  unicellular  root-hairs 
(absent  in  Haplomitrium)  on  its  ventral  (lower)  surface ;  when 
thalloid  it  also  bears  malticellalar  scales  (ventral  scales)  on  the 
same  surface ;  when  foiiose,  it  bears  on  this  surface  a  row  of  small 
rudimentary  leaves,  termed  amphigasiria^  the  fully  developed 
foliage-leaves  being  borne  in  two  lateral  rows,  one  on  each  flank 
of  the  shoot. 

In  the  great  majority  of  Hepaticae,  the  sexual  organs  are  borne 
on  the  dorsal  (upper)  surface,  either  scattered  or  in  groups ;  and 
sometimes  upon  a  specially  modified  portion  of  the  shoot,  termed 
the  receptacle,  either  sessile  or  stalked ;  in  the  latter  case  the  shoot 
(e.g,  higher  Marchantiesa)  may  be  more  or  less  clearly  differentiated 
into  a  vegetative  and  a  reproductive  part  (gametophore).  It  is 
only  in  some  of  the  Jungermanniaccaa  (JungermanniacesD  acro- 
gynse)  that  the  sexual  organs  are  developed  at  the  apex  of  the 
branches  of  the  shoot,  a  feature  in  which  they  approach  the  Masci. 

The  protonema  bears  but  a  single  adult  shoot ;  and  this,  owing 
to  the  transitory  nature  of  the  protonema,  soon  becomes  an  inde- 
pendent plant.  The  plant  is  generally  monoecious,  but  sometimes 
dioecious. 

B.  The  Sporophyte  is  developed  from  the  fertilised  oosphere 
(oospore)  in  the  archegonium  (see  p.  329).  It  is  a  sporogonium, 
which  may  consist  merely  of  a  capsule  (Riccieae) ;  or  it  may  be 
differentiated  into  a  capsule  and  a  foot  {e.g.  Anthoceros) ;  or  into  a 
capsule,  a  longer  or  shorter  seta,  and  a  foot  {e.g.  Marchantieae) ; 
or  into  a  capsule,  a  seta,  and  a  rudimentary  (hypobasal)  foot 
(some  Jungermanniaceae),  a  false  foot  (epibasal)  being  in  some 
cases  developed  from  the  lower  part  of  the  seta.  It  never  grows 
by  means  of  a  two-sided  apical  cell  as  it  does  in  the  Mosses.    . 

The  internal  differentiation  of  the  capsule  presents  the  follow- 
ing varieties  :— It  is  in  all  cases  differentiated  into  amphithecium 
and  endothecium  ;  in  all,  except  most  Anthocerotaceaa,  the  arche- 
sporium  is  coextensive  with   the   endothecium;    in  the   Antho- 
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cerotacete,  the  whole  or  part  of  the  endotheciam  conRtitutes  a 
columella^  a  feature  in  which  the  Anthocerotacead  resemble  the 
Masci. 

In  the  Riccieae  (except  Oxymitra)  the  whole  archesporium  is 
spoi-ogenoas,  whereas  in  all  other  forms  some  of  the  archesporial 
cells  are  sterile,  and  in  many  thej  are  developed  into  elatersy  elon- 
gated cells  with  spirally  thickened  walls,  generally  becoming  free 
from  each  other. 


Fio.  230.— OomparAtive  mnrphologj  of  the  sporogoninm  in  the  Hepaticie :  dlagrammatio 
loDgitadinal  sections.  ^Riccia;  B  Marchantia;  CAnthoceros;  D  lUulala.  I-I  basal 
^r»Il:/foot;  «t  seta;  om amphitheciam ;  «nd  endotheciam;  ar  archesporium  (shaded); 
eoloolumelUu    (After  Goebel.; 

The  sporogonium  remains  enclosed  in  the  calyptra  until  the 
spores  are  mature  when,  if  a  seta  be  present,  it  suddenly  elongates 
and  ruptures  the  calyptra,  which  peraists  as  avaginula  at  its  base. 
The  capsule  opens  either  by  the  decay  of  its  wall,  or  more  gener- 
ally by  the  splitting  of  the  wall  from  the  apex  downwards  into 
Talves;  in  some  Marchantieee  a  lid,  the  operculum,  is  formed  and 
the  capsule  is  opened  by  the  throwing  off  of  the  lid. 
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The  Hepatio£B  are  daflsified  as  follows  :— 

Order  I.  MarchantiaceaB.  Order  II.  JungermanniaoefB.  Order  III.  Antho- 
cerotacesB. 

Order  I.  MarchantiaceaB. 

A.  The  Gametophtte.  The  spore  gives  rise  on  germination  to  a  short  an- 
branched  filamentous  protonema  which  developes  at  its  apex  into  a  flattened 
oellnlar  expansion,  from  the  margin  of  which  the  adult  shoot  (oommonly 
known  as  the  plant)  springs  as  a  lateral  branch. 

Tlie  Morphology  of  the  Adult  Shoot,  The  adult  shoot  is  undifferentiated  into 
stem  and  leaf.  Its  symmetry  is  dorsiventral ;  on  the  lower  (ventral)  surface  it 
bears  numerous  root-hairs,  and  also  scales  which  are  arranged  in  one  or  two 
rows,  or  irregularly  {Riceioearpus  natam,  Glevea,  Sauteria,  Corsinia),  but  are 
absent  in  Rieeia  cryitaVina ;  on  the  upper  (dorsal)  surface  the  reproductive 
organs  are  borne.  In  the  Bicciee  the  shoot  presents  a  dorsal  furrow,  and  in 
the  MarchantieiB  a  midrib. 

Growth  is  effected  by  an  apical  growing-point,  situated  in  a  depression, 
possessing  a  transverse  row  of  initial  cells  from  which  segments  are  out  off 
dorsally  and  vei^trally ;  the  initial  cells  also  undergo  longitudinal  division,  and 
thus  increase  in  number. 

The  normal  mode  of  branching  is  that  which  takes  place  in  the  plane  of  ex- 
pansion ;  it  is  dichotomous,  and  is  effected  in  the  manner  described  on  p.  184. 

Less  commonly,  branches  are  formed  as  outgrowths  from  the  ventral  aspect 
of  the  growing-point,  as  in  certain  MarchantiesB  (e,g,  Targionia,  Flmbriaris, 
Plagiochasma,  Clevea,  Preissia).  This  depends  upon  the  fact  that,  in  these 
forms,  the  growth  of  the  fertile  normal  branches  is  arrested  by  the  formatiou 
of  reproductive  organs ;  hence  the  further  development  of  the  shoot  can  only 
be  effected  by  ventral  branching.  Adventitious  ventral  branches  are  common 
in  the  BiccieaB. 

The  sexual  organs  are  in  all  cases  developed  on  the  dorsal  surface,  each 
antheridium  or  archegonium  arising  from  a  single  superficial  cell.  In  the 
simpler  forms  they  are  arranged  in  a  continuous  median  row,  developed  in 
acropetal  succession  (e,g,  sexual  organs  of  Biccia,  antheridia  of  Boschis, 
CUvea  hyalina^  sometimes  Sauteria  alpina)^  or  in  a  series  of  groups  {e.g,  Riceio- 
carpus  natansi  Oxymitra,  Corsinia,  archegonia  of  Boschia,  antheridia  of  most 
of  the  lower  Marchanties) ;  in  the  higher  forms  they  are  borne  on  a  special 
structure  termed  a  receptacle. 

The  receptacle.  The  primitive  form  of  the  female  receptacle  is  to  be  found 
in  Corsinia  (var.  involuerata).  Here  each  group  of  archegonia  is  sunk  in  a  pit 
on  the  dorsal  surface ;  from  the  bottom  of  the  pit  there  grows  up  among  tbe 
archegonia  a  protuberance,  which  produces  a  membranous  umbrella-like  cover- 
ing (perichatium)  for  them ;  this  protuberance  represents  the  receptacle.  In 
some  of  tbe  lower  MarchantiesB  (e.g.  Plagiochasma,  Clevea)  the  receptacle  is 
developed  in  much  the  same  way,  bat  the  archegonia  are  borne  upon  it ;  tbe 
receptacle  becomes  raised  on  a  short  stalk  and,  by  the  unequal  growth  of  its 
surface,  the  archegonia  (usually  three  to  four  in  number)  become  displaced  to 
the  under  side.  In  these  cases  the  receptacle  is  simply  an  excrescenoe  of  the 
dorsal  surface. 

In  the  higher  Marohantieie  the  adult  shoot  is  frequently  differentiated  into  a 


aSOGP  II. — BBYOPHVTA:    HEPATICiE. 


337 


vegetitiye  and  a  reprodnotiye  portion,  the  gametopbore :  the  gametophore  is  a 
branch  (or  a  branch- system)  bearing  a  terminal  receptacle,  in  which  either  the 
male  (antheridiophore)  or  the  female  (archegoniophore)  organs  are  developed. 

In  the  simpler  forms  (e,g,  Sauteria,  Fimbriaria,  Duvalia,  Qrimaldia,  Beboulia) 
the  archegoniophore  is  simple,  that  is  unbranched ;  the  stalk  presents  a  single 
furrow  which  represents  the  ventral  surface  of  the  shoot.  In  Lnnularia  the 
stalk  is  simple,  but  the  receptacle  itself  is  branched,  presenting  four  groups 
of  archegonia,  each  group  corresponding  to  one  of  tbe  coherent  branches  of 
which  the  receptacle  oonsists;  hence  the  archegoniophore  is  compound.  In 
Marchantia,  Preissia,  and  Dumortiera,  the  stalk  has  two  ventral  farrows, 
showing  that  it  oonsists  of  the  two  coherent  branches  of  the  first  dichotomy. 
The  receptacle  itself  is  repeatedly  branched :  thus  in  Preissia  there  are  four 
groups  of  archegonia,  corresponding  to  four  branches ;  in  Marchantia  and 
Dumortiera  there  are  eight.    The  receptacle  is  more  or  less  distinctly  lobed. 


Fio.  210.— <i  Portion  of  a  plant  of  Marchantia  poIj/mo)-p\a  (t),  with  antboridiopbores. 
£  Portion  of  a  plant  with  a  capule  containing  gemmea;  v  v  apices  of  the  tw^o  braoclies. 
(After  Sachs.)  C  An  arcbegouiopbore  with  a  donbly  furrowed  (r)  stalk  t,  beariug  a 
terminal  branched  receptacle  of  which  •  a»  one  of  the  rays ;  h  pericbsBtium ;  k  eporogonia. 


thus  showing  its  compound  nature ;  each  group  of  arcbegonia  is  situated  be- 
tween tbe  basf s  of  two  adjacent  lobes.  The  complete  elougation  of  the  stalk 
does  not  take  place  until  the  archegonia  are  fully  developed,  or  even  until  one 
of  them  has  been  fertilised. 

It  is  only  in  a  few  of  the  higher  MarchantieaB  that  there  is  a  highly  de- 
veloped antheridiophore.  In  the  lowest  forms  the  antheridia  are  developed 
in  dorsal  groups,  the  formation  of  which  does  not  arrest  the  further  apical 
growth  of  the  branch ;  in  Grimaldia  and  Keboulin,  the  formation  of  the  groups 
of  antheridia  causes  temporary  arrest  of  apical  growth;  in  Luuularia  and 
Davslia  the  formation  of  a  group  of  antheridia  permanently  arrests  the  apical 
growth  of  the  branch,  the  group  being  therefore  terminal.  In  Fegatella,  Preissia, 
Marcbautia,  and  Dumortiera,  a  definite  terminal  receptacle  is  formed;  it  is 
dUcoid  in  form,  and  (except  Fegatella)  it  is  elevated  ou  a  special  artheridio- 
pbore ;  it  ia  compound,  having  several  growiug  points,  each  of  which  gives 

V.  8.  B.  Z 
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rise  to  antheriflia  in  acropetal  saccession,  and  then  eea«es  to  grow;'tl]e  stalk  has 
two  ventral  farrows,  showing  that  it  consists  of  two  coherent  branches. 

In  all  cases  the  antheridia,  and  in  many  the  archegonia,  become  overgrown 
by  the  surronndiog  tissue,  so  that  they  He  in  depressions  formed  in  essentially 
the  same  manner  as  the  air-chambers  described  below ;  a  narrow  canal  leads 
down  to  each  antheridinm,  but  the  necks  of  the  archegonia  are  long  enough  to 
reach  to  the  surface.  The  growth  of  this  tissue  is  especially  active  around  the 
archegonia,  so  that  a  membranous  investment  is  formed  enclosing  either  a 
single  archegonium,  when  the  archegonia  are  developed  singly,  or  a  group  of 
archegonia,  when  they  are  developed  several  together,  which  is  termed  the 
involucre.  This  consists  essentially  of  two  parts ;  a  basal  portion,  consisting 
of  an  extension  of  the  air-chamber-layer  of  the  shoot,  and  of  a  more  delicate 
marginal  portion  (perichietium),  formed  by  the  outgrowth  of  the  superficial 
cells  of  the  basal  portion,  variously  lobed  and  laciniate.  In  some  ca^es  {e.g, 
Corsinia)  the  development  of  the  perichietium  only  takes  place  after  fertilisa- 
tion. 

In  the  Marchanties,  the  receptacles  are  surrounded  at  their  first  formntion 
by  involueral  icaltt  of  various  form,  leafy  or  hair-like,  which  are  excrescences  of 
the  adjacent  tissue.  When  the  receptacle  subsequently  becomes  raised  on  a 
stalk,  the  involueral  scales  generally  romain  as  a  sheath  round  the  base  of  the 
stalk ;  but  some  may  be  carried  up  with  the  stalk  in  its  growth,  as  is  especially 
the  case  in  Lunularia. 

In  Marchantia,  Preissia,  and  Fimbriaria,  the  venter  of  eftch  archegoniam 
becomes  surrounded  by  a  sac-like  membrane,  developed  from  the  stalk-cell  of 
the  archegonium,  which  is  termed  the  perigynium  (Fig.  235).  The  develop- 
ment of  the  perigynium  begins  when  the  archegonium  is  nearly  mature. 

The  distribution  of  the  texual  orgam  is  various :  the  plants  may  be  moncBcions 
(some  species  of  Biccia,  also  Corsinia,  Plagiochasma,  Sauteria,  Peltolepis, 
Orimaldia,  Beboulia,  most  species  of  Fimbriaria,  Duvallia,  Targionia,  Cyatho- 
dium),  or  dioecious  (some  species  of  Biccia,  Rieciocarput  natawt  Oxymitra, 
BoBchia,  Clevea,  Fegatella,  Lunularia,  Preissia  generally,  Marchantia,  Du- 
mortiera).  In  the  monoecious  species  of  Biccia  (except  B,  ftuitane^  where 
they  alternate  regularly  in  a  single  row),  the  antheridia  and  archegonia  are 
intermingled  ;  but  in  all  other  monoecious  forms  they  are  developed  either  in 
separate  sori,  or  on  distinct  branches  (diclinous) ;  in  Preissia  both  antheridia 
and  archegonia  have  been  found  to  occur  exceptionally  on  the  same  {andro- 
fpjnone)  receptacle  (monoclinous).  The  antheridia  are  borne,  in  Sauteria, 
Targionia,  and  Cyathodium,  on  the  ventral  branches  exclusively ;  it  is  probable 
that  this  is  also  the  case  in  the  apparently  dioecious  forms  of  Fimbriaria. 

The  Structure  of  the  Adult  SJioot,  The  dorsal  portion  bt  the  shoot  consists, 
in  all  the  Marchantiaceie,  of  parenchymatous  tissue,  made  up  of  cells  containing 
chloroplastids,  which  includes  a  number  of  air-chambers,  giving  it  an  areolated 
appearance,  whence  it  is  termed  the  air-chamber-layer.  The  chambers  are 
formed  by  the  unequal  growth  of  the  cells  near  the  growing-point,  in  oobse- 
quenoe  of  which  the  surface  presents  alternating  elevations  and  depressions. 
In  most  species  of  Biccia  the  air-chambers  aro  narrow  canals,  elongated  per- 
pendicularly to  the  surface  ;  in  R,  crystallina  they  are  much  widened,  and  open 
to  the  surface  by  the  whole  extent;  in  R.fluitanM  {Riceiella  canalieulata)  ths 
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wide  air-cliambeis  become  roofed  over  by  the  growth  of  the  stiperfleial  cells  of 
the  intorveuing  dissepiments,  and  in  the  aquatic  form  became  completed  dosed* 
bat  in  the  terrestrial  form  they  communicate  with  the  exterior  by  means  of  a 
simple  pore  surrounded  by  four  guard-cells.  In  R.  glauca  and  its  alliesi,  the 
air-ehambers  become  completely  closed  in,  but  the  superficial  layer  eventually 
breaks  down.  Rieciocarpui  natant,  Oxymitnii  Corsinia,  and  many  Marchantieie 
{ejf.  Sauteria,  Clevea,  Targionia)  have  a  similar  structure  to  that  of  the  torre- 
8trial  form  of  R.  Jluitam,  but  the  pore  is  surrounded  by  a  larger  number  of 
guard-cells,  in  several  rows,  but  all  lying  in  the  same  plane;  in  Sauteria, 
Clevea,  and  Peltolepis,  the  guard-cells  have  their  radial  walls  peculiarly  thickened, 
giving  a  star-like  appearance  to  the  pore.  In  Preissia  and  Marchantia  the 
structure  and  development  of  the  pores  is  dififerent;  here  the  primary  air- 
chambers  become  completely  closed  in;  at  the  central  meeting-point  the  growth 
of  the  superficial  cells  continues,  but  vertically  instead  of  horizontally,  leading 
to  the  formation  of  vertical  rows  of  cells  which  subsequently  separate,  leaving 


Fio.  tiL—liarehmHa  polym»rpho,  A  A  pore  seen  in  snrlhoe  view.  B  Section  of  a  ponton 
of  the  dorsal  regkmof  the  thallos,  showing  the  air-obamber  containing  assimllafcory  tissue, 
and  the  compound  pore.   ( x  MO :  after  Strasborger.) 


a  eanal  between  them.  This  structure  is  distinguished  as  a  compound  pore. 
Compound  pores  of  this  sort  are  found  in  the  receptacles  of  other  Marchantiee, 
Uie  vegetative  parts  of  which  have  simple  pores. 

In  many  forms,  the  cells  containing  chloroplastids  (assimilatory  tissue)  are 
simply  those  which  form  the  walls  of  the  air-chambers ;  in  Corsinia  and  Sauteria 
these  cells  project  somewhat  into  the  cavity  of  the  air-chamber,  whilst  in  others 
(r^.  Boschia,  Marchantia,  Preissia,  Lunularia,  Fegatella,  Targionia)  the  oells 
fonning  the  floor  of  the  air-chamber,  or  the  sides,  or  even  the  roof,  grow  out 
into  branehed  or  unbranched  filaments  which  fill  most  of  the  air-cavity,  thus 
largely  increasing  the  assimilatory  tissue. 

Beneath  the  air-chamber-layer  is  a  compact  tissue,  consisting  of  several  layers 
of  cells  elongated  in  the  direction  of  the  long  axis  of  the  branch,  which  is 
without  intercellular  spaces,  and  contains  but  few  chloroplastids.     In  the 
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Marchantieas  the  walls  of  these  cells  are  generally  thickened  and  pitted ;  some 
of  the  cells  contain  mucilage,  and  in  Fegatella  the  muoiiage-oells  form  con- 
tinuous rows ;  other  cells  contain  a  dark-coloured  oil-drop,  though  such  cells 
also  occur  in  the  air-chamber-layer ;  in  Preissia  brown-coloured  sclerotic  fibroas 
cells  occur,  arranged  in  longitudinal  strands. 

The  Tentral  surface  is  formed  by  a  layer  of  cells  which,  in  the  simpler  forms, 
is  not  specially  dififerentiated,  but  in  some  the  cells  of  this  layer  are  remarkable 
for  their  small  size ;  in  Marchantia  and  Preissia  there  are  several  layers  of  these 
small  cells,  forming  a  sort  of  ventral  cortex. 

The  ventral  scales  consist  of  a  single  layer  of  cells,  the  walls  of  which 
generally  assume  a  violet  colour ;  each  scale  is  developed  from  a  single  super- 
ficial cell,  or,  as  generally  in  the  BiccieiD,  from  a  transverse  row  of  cells.  In 
Marchantia  polymorphat  in  addition  to  the  scales  which  arise  from  the  midrib, 
there  are  others  which  spring  from  the  surface  of  the  lamina. 

Unicellular  ruot-hain  are  produced  in  all  MarchantiacesB ;  the  commonest 
form  has  thin  walls ;  in  the  Marchantiess  a  second  form  occurs,  in  which  peg- 
like thickenings  of  the  wall  project  into  the  cavity  of  the  cell :  the  simple  root- 
haurs  are  developed  mainly  on  the  midrib,  the  thickened  hairs  mainly  on  the 
lamina. 

Gemma  are  produced  in  Lunularia  and  Marchantia  in  special  receptacles, 
termed  cupules,  borne  on  the  dorsal  surface  of  the  shoot;  in  Lunularia  the 
cupule  is  crescent-shaped,  in  Marchantia  it  is  circular  (Fig.  240  B).  The  eapule 
is  formed  by  an  outgrowth  of  the  air-chamber  layer,  and  in  Marchantia  its 
margin  is  prolonged  into  lacinias.  The  gemmas  spring  from  single  cells  of  the 
floor  of  tho  cupule,  which  elongate  upwards  and  divide  transversely  into  a 
stalk  cell  and  a  terminal  cell,  which,  by  repeated  growth  and  division,  forms  a 
flattened  plate  of  tissue,  several  layers  of  cells  thick  at  the  middle,  thinning 
out  to  a  single  layer  at  the  margin,  with  a  growing-point  in  a  depression  on 
each  lateral  margin.  The  symmetry  of  the  gemmsB  is  isobilateral ;  but  when 
they  fall  on  to  the  soil  and  begin  to  grow,  the  undermost  surface  becomes  the 
ventral,  aud  the  uppermost  the  dorsal.  Some  of  the  superficial  cells  have  no 
chloroplostids ;  those  of  the  Burf4ce  next  the  soil  grow  out  into  root-hairs. 

B.  The  Spoboprttb.  The  degree  of  morphological  and  histological  differ- 
entiation of  the  sporophyte  pre^^nts  wide  divergences  in'  the  different  groups. 
The  oospore  undergoes  division  by  a  wall,  generally  inclined  at  an  acute  augle  to 
the  long  axis  of  the  archegonium,  the  haeal  waU,  into  two  halves,  the  epibaM^d 
and  the  hypobaaal ;  each  of  these  is  then  divided  into  two  by  a  wall  at  riglit 
angles  to  the  basal  wall,  and  each  of  these  again  by  a  wall  at  right  angles  to 
the  two  preceding  walls ;  thus  the  embryo  comes  to  consist  of  eight  cells 
(octants). 

In  the  Biccies,  the  whole  embryo  simply  forms  a  spherical  capsule :  in  ths 
Marchanties,  the  capsule  is  developed  entirely  from  the  epibasal  cells,  whilst 
the  hypobasal  cells  give  rise  to  a  bulbous  foot,  which  attaches  the  embryo  to  tbe 
parent,  and  to  a  short  stalk  which  bears  the  capsule,  and  is  formed  at  a  relft- 
tirely  late  stage  by  intercalary  growth.  In  the  Corsiniee  the  embryo  is 
differentiated  into  capsule  and  foot,  but  it  is  uncertain  whether  or  not  the  limit 
between  tbese  two  organs  is  marked,  as  it  is  in  the  Marchantieie,  by  the  brsal 
wallXaeeFig.  239). 
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The  differentiation  of  the  tissae  of  the  capsnle  into  ampLItheciam  and 
endotheeiam  is  well-marked,  exoept  in  the  Biccieas.  The  archesporium  is 
coextensive  with  the  endotheeiam. 

In  the  Riccies  the  whole  of  the  arohesporial  cells  are  sporogenons  (except 
perhaps  Ozymitra) ;  in  Corainia,  some  of  the  archesporial  cells  are  sterile,  hut 
these  undergo  no  special  differentiation ;  in  Boscbia  and  in  the  Marchantiesp 
the  sterile  cells  assume  an  elongated  form,  and  their  walls  undergo  spiral  or 
annular  thickening:  these  specially  modified  sterile  cells  are  the  elaterfi,  and, 
being  rery  hygroscopic,  they  assist  in  the  scattering  of  the  spores.  Each 
sporogeoons  cell  gives  rise  to  four  spores. 

The  wall  of  the  capsule,  which  consists  generally  of  a  single  layer  of  cells,  is 
bot  slightly  developed  in  the  BiceieiB,  and  becomes  entirely  disorganised  during 
the  development  of  the  spores.  In  CSorsinia  the  wall  is  not  highly  developed, 
but  it  persists  till  the  spores  are  ripe,  when  it  ruptares  irregularly ;  in  Boschia 
it  is  more  highly  developed,  the  cells  presenting  half-ring  thickenings  on  their 
lateral  and  internal  walls.  In  the  MarchantiesB  the  cells  of  the  walls  are 
generaUy  thickened ;  the  thickenings  may  he  fibrous,  in  which  case  the  capsule 
opens  by  the  splitting  of  the  wall  longitudinally  into  a  number  of  teeth,  though 
in  Targionia  the  splitting  is  irregular;  or  the  thickenings  (sometimes  absent) 
are  confined  to  the  walls  at  right  angles  to  the  surface,  in  which  case  the 
capsule  opens  by  the  separation  of  its  upper  third  as  a  lid  or  operculum,  as  in 
the  OperculatiB. 

The  spores  are  generally  tetrahedral,  with  two  coats,  the  outer  of  which 
(exonporium)  is  tubercnlate  or  reticulate  on  the  surface.  On  germination  the 
exosporium  of  the  tetrahedral  spore  ruptures  at  the  point  of  junction  of  the 
three  projecting  angles.  The  spores  of  Lnnularia  and  Marchantia  are  small  and 
spherical;  the  exosporium  is  feebly  developed,  and  presents  a  granular  thicken- 
ing. In  consequence  of  the  thinness  of  the  exosporium,  the  whole  spore  is 
enabled  to  enlarge  considerably  on  germination,  and  it  does  not  rupture  at  any 
special  point.  In  Fegatella,  cell-divisions  take  place  in  the  spores  before  they 
are  scattered. 

The  venter  of  the  archegonium  keeps  pace  with  the  growth  of  the  developing 
embryo,  forming  the  calyptra,  and  encloses  it  until  the  spores  are  ripe.  In  the 
Bieeies  the  spores  are  set  free  by  the  gradual  disorganisation  of  the  calyptra 
and  of  the  tissue  of  the  thallus  in  which  the  calyptra  is  imbedded;  in  the  other 
MarchantiaoesB  the  capsule  is  forced  out  of  the  calyptra  by  the  elongation  of 
tbe  short  stalk. 

The  MarchantiaceiB  are  classified  as  follows : — 

Fam.  1.  Ricciea.  The  gametophyte  is  characterised  by  the  simple  structure 
nf  the  adult  shoot;  the  air-chamber  has  a  simple  pore  in  only  a  few  forms 
[Rieeia  (RiccUlla)  eanalictUata,  Bicciocarpus,  Oxymitra] ;  the  assimilatory  tissue 
is  confined  to  the  walls  of  the  air-chamber.  The  sexual  organs  are  not  borne  on 
a  receptacle,  but  are  developed  in  a  row,  or  in  groups,  in  the  dorsal  furrow,  and 
beeome  overgrown' by  the  tissue  ofi  the  thallus.  The  sporophyte  is  character- 
ised by  the  absence  of  differentiation  of  a  foot  or  seta,  consisting,  as  it  does, 
simply  of  a  capsule ;  all  the  archesporial  cells  give  rise  to  spores  (except  the  few 
stenle  cells  in  Oxymitra),  and  the  wall  of  the  capsule  becomes  disorganised 
doling  tbe  ripening  of  the  spores. 
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The  genera  are :  Biccia,  of  which  there  are  many  species  arrangci  in  the 
two  sections  Eitriccia  and  Jlicciella ;  Bicciocarpns,  represented  only  by  the 
species  R,  natans  ;  Oxymitra  (Tesselina). 

Fam.  2.  Corsiniea.  The  gametophyte  resembles, 
on  the  whole,  that  of  the  lower  Marchanties  in  its 
general  structure ;  it  has  a  midrib  which  projecta 
on  the  under  surface  ;  it  is  characterised  by  tbe 
arrangement  of  the  archegonia,  which  are  boroe  in 
dorsal  groups,  not  on  a  receptacle  (indicated  in 
Corsinia),  but  in  pits,  the  surface  of  which  producei 
a  dense  growth  of  Lairs.    The  sporophjte  is  differ- 

entiated  into  foot  and  capsule:    the  wall  of  tbe 

Fm,  242.— Donwl  sariace  ,  •  .         x-i  xi.  t 

of  portion  of  thaUus  of  cap««le  persists  until  the  spores  are  npe;  some  of 
Biccia  glauca  (nat.  size):  tl^e  arohesporial  cells  are  sterile  and,  in  Boscbia, 
r  the  dorsal  furrows  of  the       become  elaters. 

lobeii;/»poroKonlB  develop.  xhe  family  includes  the  two  genera  Corsinia  and 

iug  iu  the  receptaclee.  Boschia  (Funioularia) :  each  genus  has  but  a  single 

species ;  Coninia  marchantioides  is  European ;  B,  W^ddeUU  is  found  in  Brazil. 

Fam.  3.  MareJiantiea.  The  gametophyte  has  a  well-developed  air-chamber- 
layer  on  the  dorsal  surface ;  the  air-chambers  have  each  a  well-marked  pore, 
which  is  either  simple  or  compound  ;  in  the  higher  forms  the  air-chambers  are 
filled  with  filaments  of  assimilating  oells :  on  the  ventral  surface  are  two  rows 
of  scales  and  two  kinds  of  root-hairs.  The  arcbegonia  are  borne  iu  groups  on 
a  receptacle  which  is  either  dorsal,  as  in  the  lower  forms,  or  terminal  on  a 
gametophore,  as  in  the  higher.  The  sporophyte  is  differentiated  into  foot,  seta, 
and  capsule  ;  some  of  the  archesporial  cells  lure  sterile,  and  become  elaters. 

The  following  sections  of  Marohantiesd  may  be  distinguished : — 

a.  Attropora  :  characterised  by  the  thickening  of  the  radial  walls  of  the  celU 
surrounding  the  simple  pores  of  the  air-chambers,  in  which  there  is  no  develop- 
ment of  filamentous  assimilatory  tissue.  There  is  no  antheridial  receptacle  in 
Sauteria  and  Clevea,  where  the  antheridia  are  borne  in  a  row  on  the  surface  of 
a  ventral  antheridiophore,  but  it  is  well-developed  and  dorsal  iu  Peltolepis ; 
there  is  a  terminal  archegoniophore  in  Sauteria,  with  asaally  a  single  ventral 
furrow,  and  iu  Peltolepis,  with  two  ventral  furrows ;  but  in  Clevea  there  is  no 
archegoniophore,  but  a  dorsal  stalked  unf  urrowed  receptacle. 

Genera:  Santeiia,  Peltolepis,  Clevea. 

6.  OpercalattB  :  characterised  by  the  mode  of  dehiscence  of  tbe  capsule,  the 
upper  third  of  the  wall  being  thrown  off  as  an  operculum :  the  family  includes 
the  genera  Plagiochasma  (Aytonia),  Beboulia,  Duvalia  (Neesiella),  Qrimaldia, 
Fimbriaria  (Hypenantron).  The  pores  are  simple,  and  the  air-chambers  usually 
do  not  contain  filamentous  assimilatory  tissue.  The  archegonial  receptacle  is 
dorsal  and  stalked  in  Plagiochasma  and  Grimaldia ;  in  the  other  genera  it  is 
borne  on  an  archegoniophore  with  a  single  ventral  furrow.  The  antheridial 
receptacles  are  sessile ;  in  Duvalia  they  are  terminal. 

c.  Targionia,  including  Targiouia  and  Cyathodium.  The  archegonia  are 
developed  in  a  sessile  group  at  the  apex  of  a  branch ;  if  one  of  the  archegonia 
is  fertilised,  the  further  growth  of  the  branch  is  arrested,  but  if  not,  growth  is 
resumed,  and  the  group  of  archegonia  becomes  dorsal ;  the  antheridia  aie  borne 
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in  temiinal  groups  on  short  ventral  branohes.  A  single  sporogoniom  is  de- 
de? eloped  in  each  group  of  arohegonia,  and  becomes  enclosed  in  a  perichietium ; 
it  dehisees  by  teeth,  but  in  Gyathodinm  a  small  operculum  is  also  formed.  The 
pores  of  tbe  air-chamber  layer  are  simple ;  a  formation  of  filamentous  assimila- 
(ory  tissue  in  the  air-chambers  occurs  in  Targionia. 

d.  Compontat  including  Fegatella  (Gonooephalus),  Lunularia,  Domortiera, 
Preissia  (Chomiooarpon),  and  Marchantia ;  characterised  generally  by  the  com- 
pound (branched)  nature  of  the  gametophore :  however,  the  arohegoniophore  is 
nnbranched  in  Fegatella,  and  in  Fegatella  and  Lunularia  there  is  no  antheridio- 
phore,  the  male  receptacles  being  sessile  on  the  dorsal  surface  of  the  thallu8« 
Tbe  air-chambers  contain  filamentous  assimilatory  tissue ;  the  pores  are  com- 
pound  in  Preissia  and  Marchantia;  the  air-chamber  layer  is  degenerate  in 
Dumortiera. 

Order  II.  Jungermanniacea. 

A.  Tbe  Qaxstophttk.  On  germination  the  spore  gives  rise  to  a  protonema 
vhieh  may  be  a  solid  ellipsoidal  mass  of  cells  (as  in  Pellia)  with  a  root-hair  at 
one  end ;  or  a  flattened  plate  of  cells  (Badula,  FruUania) ;  or  a  filament,  some- 
times branched  (Lophocolea,  Chiloscyphus) ;  however,  the  differences  in  form  of 
tbe  protonema  are  not  of  great  morphological  importance  since,  in  many  cases, 
flattened  and  filamentous  forms  have  been  found  to  be  produced  from  spores  of 
tbe  same  plant. 

The  protonema  gives  rise  to  the  adult  shoot  by  the  formation,  either  from  a 
marginal  cell,  if  it  is  flat,  or  from  the  terminal  cell,  if  it  is  filamentous,  of  a 
growing-point  with  a  single  apical  cell. 

The  Morphology  of  the  Adult  Shoot.  The  adult  shoot  may  be  differentiated 
into  stem  and  leaf,  as  in  the  foliose  forms ;  or  undifferentiated,  as  in  the  thai- 
hid  forms.  Its  symmetry  is  generally  dorsiventral ;  the  only  radially  sym- 
metrical, erect-growing  forms  being  Haplomitrium  and  some  species  of  Biella 
[e.ff,  R.  helicophylla  and  Parisii), 

The  morphology  of  Biella  demands  special  notice.  It  is  a  foliose  form,  and 
is  peculiar  in  that  the  stem  bears,  on  one  side,  a  membranous  wing  which  is 
more  or  less  well-developed  in  the  different  species.  Riella  NotarUii  and 
lUuteri  are  prostrate  dorsiventral  forms,  and  in  them  the  wing  is  on  the  dorsal 
sniface  of  the  stem :  22.  Jielicophylla  and  Paritii  are  radial  and  erect ;  in  the 
latter  both  the  stem  and  the  wing  are  vertical ;  in  the  former  the  wing  is  spir- 
ally wound  round  the  erect  axis. 

Most  of  the  thalloid  forms  (except  Pellia,  Aneura,  Spherocarpus)  have  a 
distinct  midrib.  The  shoot  bears  numerous  unicellular  root-hairs,  as  also 
dab-sUaped  glandular  hairs  which  secrete  mucilage,  on  its  ventral  (under) 
surface. 

In  the  dorsiventral  foliose  forms,  the  stem  bears  a  row  of  leaves  on  each  flank, 
snd  generally  a  row  of  amphigastria  on  its  ventral  surface ;  amphigastria  are, 
however,  absent  or  rudimentary  in  some  forms  {e.g.  Fossombronia,  Androcrypbia, 
Petalopbyllnm,  Badula,  Lejeuuia  ealearea,  Jungermamiia  bicuspidata,  Scapania, 
species  of  Biella,  etc.),  but  are  represented  (except  Badala  and  L^jeunia  eal- 
carea)  by  papills  bearing  glandular  hairs.  In  Blasia  there  are  two  rows  of 
amphigastria  as  well  as  ventral  scales.  The  ventral  sorface  of  the  shoot  also 
generally  bean  root-hairs,  springing  from  the  superficial  cells  of  the  stem,  but 
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occasionally  from  the  amphigastria  {e.g,  Lejeania,  Fmllania,  Mastigobrrnm, 
Lepidozia,  Lophocolea,  etc.) :  they  are  absent  in  Trichocolea;  and  in  Badnla 
they  are  developed  on  the  oonvez  snrface  of  the  lower  lobes  of  the  lateral 
leaves. 

In  the  radial  foliose  forms,  the  leaves  are  borne  in  three  rows  in  Haplomit- 
rinm,  and  in  two  'rows  in  the  radial  species  of  Biella  {helicophylla  and  ParUii) ; 
here  there  is  no  distinction  of  amphigastria.  Boot-hairs  are  absent  in  Haplo* 
mitriom,  their  functions  being  discharged  by  root-like  branches :  in  the  above 
species  of  Biella  the  root-hairs  are  borne  on  the  swollen  basal  end  of  the  stem. 
Papille  bearing  glandular  hairs,  secreting  mucilage  to  moisten  the  growing- 
point,  are  very  generally  developed ;  they  are  transitory,  and  are  therefore  only 
to  be  found  near  the  growing- point.  In  the  dorsiventral  forms  they  are  de- 
veloped mainly  on  the  ventral  surface,  either  as  appendages  of  the  amphigas- 
tria or  (as  men- 
'  tioned  above)  as 

representing 
them  in  those 
forms  in  which 
the  amphigastria 
are  wanting  or 
rudimentary.  In 
the  foliose  forms 
similar  papills 
are  also  developed 
as  appendages  of 
the  young  lateral 
leaves;  notably  in 
the  radially  sym- 
metrical genus 
Haplomitrinm. 

The  growth  of 
the  shoot  is 
effected  by  an 
apical  growing- 
point  which  pos- 
sesses (except 
perhaps  in  Blasia 
and  Pellia,  in 
which  there  ftp* 
The  apical  cell  of  the 


Fig.  213.— Growinf^-point  of  thHllas  of  Metxgeria  fureata,  t  Apioal 
cell ;  t'  dtc.,  flucceasive  nogments ;  m'  m"  marginal  cells ;  p'  super- 
flcial  cell;  tt  cells  of  the  midrib;  cclavate  hairs,  (x  610:  after 
Strasbnrger.) 


pears  to  be  a  group  of  initial  cells)  a  single  apical  cell 

thalloid  forms  is  most  commonly  two-sided  (Fig.  243) ;  the  base  is  directed 
outwards,  the  apex  inwards,  and  from  the  two  sides  segments  are  cut  off  alter- 
nately right  and  left.  The  apical  cell  of  the  foliose  forms,  with  the  exception 
of  Fossombronia  and  Biella  which  have  a  two-sided  apical  cell,  is  a  three-sided 
pyramid ;  its  hose  is  directed  outwards,  its  apex  inwards,  one  side  is  ventral 
and  the  other  two  are  dorso-lateral ;  this  latter  statement  does  not,  of  course, 
apply  to  Haplomitrinm.  In  Blasia  and  Pellia  cell-division  in  the  growing- 
point  appears  to  take  place  much  as  in  the  Marchantiaces. 
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The  normal  mode  of  branobing  in  the  dorsiTentnil  forms  is  that  which  takes 
pUce  at  the  growing-point  in  the  plane  of  expansion.  In  the  tballoid  forms, 
as  also  in  the  foliose  Fossombronia  and  Blasia,  it  may  be  described  as  dichoto* 
moos  (see  p.  184)  although  the  apical  cell  does  not  undergo  division  so  as  to 
form  the  apical. cells  of  two  branches ;  the  apical  cell  of  the  parent  shoot  per- 
sists, and  that  of  the  branch  is  developed  from  an  adjacent  segment,  either 
before  or  after  farther  division.  When  the  two  shoots  develope  with  equal 
Tigonr,  the  resulting  branch -system  resembles  a  dichotomy;  but  when  the 
parent  shoot  grows  the  more  vigorously  throughout,  the  branches  are  lateral 
open  it  and  the  branch-system  is  a  monopodium  (see  p.  34).  In  the  foliose 
forms  the  mode  of  normal  branching  is  generally  monopodial.  The  apical 
cell  of  a  lateral  branch  is  developed  from  the  lower  (ventral)  half  of  a  dorso- 
lateral segment  cut  off  from  the  apical  cell;  either  from  the  whole  of  the  seg- 
ment, or  from  the  posterior  (basisoopic)  portion  of  it. 

In  the  radial  Haplomitrium,  the  branching  is  monopodial  and  the  branches 
are  borne  on  all  sides  of  the  stem,  either  in  the  leafy  region  or  on  the  subter- 
ranean parts.  Tbey  are  not  developed  from  the  apical  growing-point,  and  are 
probably  all  adventitious. 

A  development  of  branches  on  the  ventral  surface  is  not  uncommon  either  in 
the  tballoid  {e.g.  Metzgeria,  Symphyogyna,  Umbraculum  on  the  midrib)  or  in 
the  foliose  forms  {f.g.  Mastigobryum,  Lepidozia,  Calypogeia,  Jungermannia, 
[Cephalozi^]  bictupi'iata,  Lophoeolea  bidentata).  Since  the  origin  of  these 
braoebes  can  in  some  cases  be  distinctly  traced  («.<7.  Mastigobryum,  Symphyo- 
gyna) to  the  apical  growing- point,  and  since  they  are  generally  developed  in 
acropetal  succession  and  in  definite  positions  (in  the  axils  of  the  amphigastria 
of  the  foliose  forms),  they  are  regarded  as  normal  and  not  as  adventitious. 
The  branch -rudiment  does  not,  however,  always  immediately  develope,  but 
may  be  quiescent  for  a  longer  or  shorter  time.  Their  origin  is  frequently  en- 
dogenoos.  These  ventral  branches  are  generally  more  or  less  modified  sexual 
branches  (gametophores) ;  but  in  Mastigobryum  sterile  branches  occur  which 
are  long  and  delicate,  with  rudimentary  leaves,  and  are  known  as  flagella. 
Similar  flagella  occur  in  other  foliose  genera,  such  as  Lepidozia  and  Calypogeia  ; 
they  are  not,  however,  ventral  branches,  but  modified  lateral  branches. 

Adventitious  branches  are  often  formed  on  the  older  parts  of  the  shoot ;  in 
Metzgeria,  from  marginal  cells  of  the  lamina ;  in  Pellia  and  Sphierocarpus, 
from  single  cells  of  all  parts  of  the  dorsal,  and  sometimes  also  of  the  ventral 
surface ;  in  Jungermannia  bieuipidata  and  Blasia,  from  cells  of  the  ventral  sur- 
face of  the  stem :  in  Lophoeolea  bidentata,  from  the  marginal  cells  of  the 
leaves.    Their  origin  is  generally  exogenous,  but  sometimes  endogenous. 

In  many  cases  {e.g.  Blasia,  Sphierocarpus,  Lophoeolea  bidentata,  Junget' 
Murnaia  biat*pidata)  the  adventitious  branches  become  separated  from  the 
parent  plant,  and  develope  into  new  individuals,  thus  subserving  vegetative 
propagation. 

Cloaely  connected  with  the  adventitious  branching  is  the  formation  of  gemma. 
In  Aneura,  certain  cells  of  the  margin  and  of  the  dorsal  surface  of  the  shoot 
each  become  divided  into  two,  and  the  two  cells  thus  formed  are  set  free  as  a 
biodiular  gemma,  with  probably  a  proper  wall  of  its  own,  by  the  rupture  of  the 
endopiDg  wall.    In  Blasia,  the  gemma,  which  are  solid  multicellular  nearly 
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spherical  bodies,  are  developed  in  special  receptacles  (cnpules)  sitoated  on  the 
dorsal  surface  of  the  apex  of  the  shoots ;  their  mode  of  origin  resembles  that  of 
the  gemmn  of  Marchautia.  In  most  foliose  forms  the  gemmsB  are  developed 
from  marginal  cells  of  the  leaves  {e.g.  Jwigermannia  vtntricosa,  Scapania  ntmo- 
roia)t  or  from  cells  near  the  growing- point  of  the  stem  {e,g,  Jungermannia 
bietupidata).  In  these  forms  the  gemmn  are  usually  nni-  or  bi-cellular,  but  in 
Jtaihila  eomplanata  (where  they  are  formed  on  the  leaf-margin)  they  are  flat 
multicellular  plates  of  tissue. 

The  leavet  sre  developed,  generally  speaking,  one  from  each  segmeot  formed 
at  the  growing-point.  In  the  typical  Acrogyne  each  dorso-lateral  segment  gives 
rise  to  a  lateral  leaf,  and  each  ventral  segment  to  a  ventral  leaf  (amphigas- 
trium) ;  though,  ss  already  mentioned,  the  amphigastria  are  wanting  iu  many 
species.    A  characteristic  feature  of  the  leaves  of  this  group  is  that  they  are 


Fie.  245.— Part  of  a  shoot  of  Fml- 
lania  dUatata  seen  from  below  (  «  90) : 
«l  aurioulste  lower  leaf-lobes ;  ol  upper 
leaf-lobe;  ibe  leaves  are  incuboas;  « 
ampbigastrjum. 


Fie.  241.— BrsDctaes  of  one  of  the  aero- 
gynous  JungermiinniaceaD,  Piagioehila  os- 
pl«nioid4$,  seen  from  above:  the  leaves  are 
saocabous ;  at  the  apex,  two  of  the  shoots 
bear  sporogon^a,  the  oae  (b)  having  de- 
hisced, the  other  (a)  being  still  closed ;  p 
the  involucre. 

distinctly  bilobed,  at  least  when  young  ;  this  is  due  to  the  fact  that  the  mother- 
cell  of  the  leaf  is  divided  into  two  which  give  rise  to  the  two  lobes.  The  leaves 
are  sessile,  and  their  insertion  is  at  first  transverse  to  the  long  axis  of  the  stem, 
60  that  ooe  lobe  is  superior  or  dorsal,  the  other  inferior  or  ventral ;  but  by 
subsequent  displacement  it  becomes  oblique.  Since  the  leaves  are  situated 
close  together,  they  thus  come  to  overlap  each  other,  and  this  overlapping  pre* 
sents  two  forms :  either  the  posterior  edges  of  the  leaves  overlap  the  anterior 
edges  of  those  next  behind  them  (Fig.  244),  when  the  leaves  are  said  to  be 
tuecubous ;  or  the  anterior  edges  of  the  leaves  overlap  the  posterior  edges  of 
those  next  in  front  of  them  (Fig.  245),  when  the  leaves  are  said  to  be  incuboui* 
The  growth  of  the  leaf  is  generally  apical  at  first,  and  subsequently  basal. 
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In  some  of  the  folioRe  Anacrogynie  (Fosaombronia,  Androoiyphia,  Petalo- 
pfajllum)  the  development  of  the  leaves  is  eBsentially  similar  to  that  of  the 
lateral  leaves  of  the  Acrogyna ;  but  in  none  of  the  Anacrogyuie  is  the  leaf 
bilobed.  la  Haplomitriam  each  segment  gives  rise  to  a  leaf  which  is  developed 
in  the  same  manner  as  those  of  the  Mosses :  in  Biella  each  segment  gives  rise 
to  two  leaves :  in  Blasia  there  are  two  rows  of  lateral  leaves  and  two  row«  of 
amphigastria. 

In  some  epiphytie  forms  {e.g.  Frallania)  the  lower  lobe  is  somewhat  cap- 
shaped  (Fig.  245),  and  is  termed  an  auricula ;  it  constitutes  a  receptacle  for 
water.  In  some,  also,  {e.g.  Frallania,  Lejeania,  Scapania),  the  upper  lobes  of 
the  leaves  of  male  fertile  shoots  are  modiiied  to  constitute  protective  organs  for 
the  autheridia. 

The  leaf-formation  of  Blasia  is  quite  peculiar,  especially  in  this  respect,  that 
the  first  development  of  the  lateral  leaves  takes  place  in  the  same  plane  as  that 
of  the  stem,  with  a  subsequent  slight  obliquity,  so  that  the  leaves  are  incubous. 
Each  lateral  leaf  bears  at  its  base,  on  the  under  surface,  two  (sometimes  only 
one)  appendages  which  are  termed  auricuhe  but  are  not  morphologically  similar 
to  the  auriculiB  mentioned  above  as  occurring  in  FruUania.  The  auricula  of 
Blasia  consists  of  a  cellular  wall  enclosing  a  cavity,  with  a  narrow  apical  aper- 
ture, from  the  centre  of  the  floor  of  which  there  springs  a  glandular  hnir 
secreting  mucilage.  Into  this  cavity  filaments  of  Nostoo  (see  p.  234)  make  their 
way,  so  that  it  becomes  filled  with  a  mass  of  this  Alga.  The  hair  then  grows 
out  into  a  number  of  branches,  resembling  root-hairs,  which  ramify  in  the  mass. 
This  symbiosis  (see  p.  273)  appears  to  be  advantageous  both  to  the  Nostoc  and 
to  the  Blasia.  An  auricula  which  does  not  become  infested  with  Nostoc  re- 
mains relatively  small.  The  amphigastria  of  Blasia  are  stalked  and  peltate ; 
they  bear  a  glandular  hair  which  is  situated  at  first  on  the  margin  of  tbe  am- 
phigastrium  at  the  apex,  becoming  gradually  displaced  until  its  insertion  is  at 
the  centre  of  the  free  surface. 

The  texual  organ$  are  generally  borne  on  the  main  axis  and  its  normal 
branches,  but  in  many  cases  {e.g.  Metzgeria,  Mastigobryum,  Calypogeia, 
Lepidozia,  Saccogyna,  Lophocolea,  many  species  of  Jungermannia)  they  are 
eoufined  to  more  or  less  specialised  ventral  branches  (gametophores).  The 
place  of  development  of  the  archegonia  affords  the  basis  for  the  classification 
of  the  JungermanniacetB  into  the  two  main  groups,  Acrogynie  and  Anacrogynaa. 
In  the  former,  which  includes  all  the  foliose  forms  (except  Blasia,  Fossombronia, 
Androoryphia,  Petalophyllum,  Haplomitrium,  Riella),  the  arcbegonia  are  pro- 
duced from  the  apical  cell  and  its  youngest  segments  at  the  growing-poiut ; 
hence  when  the  formation  of  the  archegonia  takes  place  on  a  shoot  its  further 
elongation  is  arrested.  In  the  latter  group,  which  includes  all  the  thalloid 
forms  and  the  exceptional  foliose  forms  just  mentioned,  the  archegonia  are 
produced  laterally,  on  the  dorsal  surface  in  the  dorsiventral  forms,  on  all  sides 
in  the  radial  forms  (species  of  Kiellb,  Haplomitrium) ;  hence  the  growth  in 
length  of  the  shoot  is  not  necessarily  arrested. 

The  archegonia  of  the  Acrogynie  ars  borne  either  singly  (Lejeubia,  Phrag- 
mieoma),  or  in  groups  of  two  (FruUania)  or  more  {e,g.  Badula,  Alicularia, 

Lopbocolea).    Each  archegonium  is  developed  from  a  single  cell;  when  the 

arehegoninm  is  single  it  is  developed  from  tho  spical  cell;  when  there  are 
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Beveral  arcbegonia,  the  deTelopment  of  them  begins  in  the  yonngefit  BPgmeot- 
cells  of  the  growiug-point.  The  arohegonia  are  surrounded  by  the  leaves  of  the 
apex ;  and  in  most  cases  the  leaves  of  the  last  whorl  are  coherent,  forming 
an  involucre,  surrounding  the  single  archegonium  or  the  group  of  arohegonia. 
In  the  Jnngermanniee  GeocalycetB  {e  g.  Calypogeia,  Saccogyna)  the  invo- 
lucre arises  as  an  annular  outgrowth,  forming  a^  large  cavity  enclosing  the 
arohegonia;  after  fertilisation,  it  attains  a  relatively  large  size,  and  forces 
itself  partially  into  the  soil  (hence  the  name  Oeocalyx),  which  may  even  root 
itself. 

The  archegonia  of  the  thalloid  Anacrogyne  are  borne  in  median  dorsal 
groups  :  in  the  dorsi ventral  foliose  Anacrogynie  (Blasia,  Fossombronia,  Andro- 
crvphia,  Petalophyllum),  they  are  borne  singly  or  in  groups  on  the  dorsal 
surface  of  the  stem,  and  in  the  dorsi  ventral  BiellesB  singly  on  the  flanks  of  the 
stem:  in  the  radial  Anacrogynie  {Riella  helieophylla,  Haplomitrium)  they  are 
borne  singly,  scattered  over  the  whole  length  of  the  stem  as  in  the  former,  or 
confined  to  the  apical  region  as  in  the  latter.  They  are  in  all  cases  provided 
with  some  sort  of  protective  organ.  Among  the  thalloid  Anacrogynfe  the  groqp 
of  arohegonia  is  surrounded,  in  Metzgeria,  Aneura,  and  Pseudoneura,  by  an 
involucre  consisting  of  the  short  modified  gametophore  (ventral  in  Metzgeria) ; 
in  Pellia,  Symphyogyna,  and  Sphsrocarpus  a  group  (or  each  archegonium  as 
generally  in  Sphserooarpus)  is  surrounded  by  an  involucre  developed  as  an  out- 
growth of  the  tissue  of  the  fertile  branch ;  in  Blyttia,  Morkia,  Umbracnlum 
(hence  termed  Diplomitrieae)  there  is  a  double  involucre,  generally  resembling 
the  preceding,  but  the  inner  involucre  (perigynium  ?),  attains  its  full  develop- 
ment only  after  the  fertilisation  of  an  archegonium  of  the  group ;  finally,  in 
Monoclea,  the  archegonium  becomes  overgrown  by,  and  hence  sunk  in,  the 
tissue  of  the  rhoot.  Among  the  foliose  Anaorogynn,  the  arohegonia  are 
generally  protected  by  perichietial  leaves,  and  further  by  an  involucre  or 
perigynium  (absent  in  Haplomitrium)  which  generally  invests  a  single  arche- 
gonium, and  in  some  cases  (Blasia,  Fossombronia,  Androcryphia)  is  only 
developed  after  fertiiiRation.  In  Blasia  the  growth  of  tissue  subsequently  to 
fertilisation  is  so  active  that  the  fertilised  archegonium  becomes  completely 
sunk  in  the  ti$>sue  of  the  shoot. 

The  antheridia  are  borne,  in  all  Jungermanniaces  (except  Haplomitrium)  on 
the  dorsal  surface  of  the  shoot ;  in  Haplomitrium  they  are  borne  in  three 
rows  on  the  sides  of  the  apical  region. 

In  Riella  helicophylla  the  antheridia  are  borne  sunk  in  the  tissue  of  the  free 
edge  of  the  membranous  wing.  As  the  symmetry  of  the  plant  is  radial,  it 
presents  no  distinction  of  dorsal  and  ventral  surfaces ;  still  the  position  of  the 
antheridia  in  R,  helicophylla  is  dorsal  by  analogy,  since  in  the  dorsiventral  i?. 
Reuterif  the  wing,  which  likewise  bears  the  antheridia,  is  an  outgrowth  of  the 
dorsal  surface  of  the  stem ;  antheridia  have  been  observed  as  yet  only  in  these 
two  species  of  Biella. 

The  antheridia  nre  shortly  stalked  and  are  in  all  cases  provided  with  a  pro- 
tection. In  Metzgeria  the  group  of  antheridia  is  invested  by  an  involucre 
which  consists  of  the  short  modified  ventral  gametophore :  in  the  other 
thalloid  AoacrogynsB.  as  also  in  Androcryphia,  Blasia,  Petalophyllum,  aod 
Biella,  each  antheridium  is  invested  by  an  involucre  which  grows  up  around  it,  so 
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that  it  appears  to  be  sunk  in  the  tissue  of  the  shoot.  In  Fossombronia,  Haplo- 
mitrinm,  and  the  Acrogynie,  the  antheridia  are  protected  by  the  leaves  :  in  the 
Aerogyne  the  antheridia  are  borne,  singly  or  several  together,  in  the  axils  of 
leaves ;  and  in  some  forms  {e,g,  Soapania,  Lejeonia,  FruUania)  the  upper  lobe 
of  the  protecting  leaf  is  modified  in  form. 

The  dUtribation  of  the  texual  organt  varies  even  in  the  species  of  some  of  the 
genera.  Among  the  AnacrogynsB,  Metzgeria,  Pseudoneura,  Mdrkia,  Umbra- 
culum,  Petalophyllum,  SpbsBroearpus,  Haplomitrium,  Blyttia  (generally),  and 
hiiUa  helicopkylla,  are  dioBcious;  whereas  Pellia,  Aneura  (some  species), 
Fossombronia,  Symphyogyna,  Androcryphia,  and  Eiella  Reuteri,  are  generally 
moncecions.  In  the  monceoious  forms  the  antheridia  and  arohegouia  are 
generally  borne  on  distinct  branches  (diclinous),  but  sometimes  on  the  fame 
branch  (monoolinous),  as  in  Androcryphia  and  occasionally  in  Blyttia.  When 
adottiiventral  shoot  bears  only  antheridia  or  archegonia,  they  are  developed  in 
the  median  line ;  but  when  it  bears  buth  organs,  the  archegonia  are  median  and 
the  antheridia  lateral. 

The  AcrogyniB  are  generally  monoecious' and  diclinous. 

The  structure  of  the  adult  shoot  (f  the  JangermanniaceaB  is  very  simple.  In 
thalloid  forms  which  have  no  midrib,  the  shoot  consists  of  parenchymatous 
cells  forming  a  single  layer  at  the  margin  and  several  layers  (e,g,  Pellia, 
Aneura,  Sphsrocarpus),  in  the  middle  line  of  the  shoot ;  in  those  which  have  a 
midrib  [e,g,  Metzgeria,  Symph^ogyna,  Blyttia,  etc.),  the  midrib  consists  of 
sereral  layers  of  cells,  whereas  the  lamina  consists  of  only  a  single  layer.  In 
Sympbyogyna  and  Blyttia  the  midrib  is  traversed  by  a  strand  of  elongated 
prosenchymatons  cells  having  thickened  and  more  or  less  pitted  walls.  In 
Blssia  the  stem  has  an  axial  strand  of  elongated  cells  with  delicately  pitted  walls. 

In  the  Acrogynie,  the  stem  generally  consists  of  an  axial  strand  of  relatively 
thin-walled  cells,  surrounded  by  a  cortex  of  narrow  thick-walled  cells;  but  in 
those  forms  which  givQ  rise  to  endogenous  ventral  branches  (e.g,  Calypogeia) 
the  cortical  cells  of  the  ventral  surface  of  the  stem  are  not  thick- walled.  The 
leaves  are  simply  single  layers  of  similar  cells,  and  have  no  midrib. 

The  root-hain  are.  in  all  cases,  destitute  of  the  peculiar  thickenings  so 
eharaoteristic  of  the  Marohantiaceie. 

B.  The  Spobopbttx.  The  course  of  the  development  of  the  sporophyte  is» 
in  its  main  features,  essentially  the  same  throughout  the  Jungermttoniaceffi. 

The  oospore  is  divided  by  a  transverse  (basal)  wall  into  two  halves,  epibasal 
and  hypobasal.  The  epibasal  coll  gives  rise  to  the  capsule  and  its  stalk  (setn). 
It  divides  transversely,  and  the  longitudinal  divisions  follow  in  both  cells  so 
that  the  epibasal  half  of  the  embryo  consists  of  two  tiers  of  each  consisting  of 
four  ceUs.  Further  growth  in  length  is  effected  by  the  cutting  off,  by  trans- 
verse  walls,  of  segments  from  the  cells  forming  the  apical  tier  ;  but  this  apical 
growth  is  arrested,  sooner  or  later,  by  the  formation  of  walls  parallel  to  the  free 
surface  (periclioal)  in  the  apical  cells,  and  also  frequently  in  some  of  those 
below  them,  which  indicate  the  differentiation  of  the  capsule-wall  (amphi- 
tlieeium)  from  the  internal  mass  of  cells  (endothecium)  which  give  rise  to  the 
spores  and  slaters.  The  cells  below  the  capsule  may,  however,  contiuue  to 
grow  and  divide  transversely,  and  by  means  of  this  intercalary  growth  the  full 
length  of  the  seta  is  attaim  d. 
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Thongh  the  mode  of  growth  of  the  epibasal  half  of  the  embryo  is  most  com- 
monly that  described  above,  it  not  infreqnently  happens  that  the  growth  of  the 
two  longitadinal  halves  is  unequal,  owing  to  the  fact  that  the  first  longitadioal 
wall  is  not  perpendicular  to  thn  basal  wall,  but  is  oblique.  Consequently  the 
apex  is  occupied  by  the  two  cells  of  the  longer  half,  and  in  those  cases  in  which 
the  apical  growth  is  long-continued  the  result  is  that  the  capsule  may  be  de- 
veloped entirely  from  one  longitadinal  half  of  the  embryo.  This  mode  of 
development  has  been  observed  in  Blasia,  Pellia,  Foesombronia,  Haplomitriom, 
and  SymphyoRyna ;  in  Fossombronia  and  Symphyogyna  an  embryo  of  thii 
kind  appears  to  grow  in  length,  for  a  time  at  lea^t,  by  means  of  a  two-sided 
apical  cell. 

In  many  of  the  Jungermanniaoeo}  {e.g,  Pellia,  Lepidozia,  Jnngermannia, 
Calypogeia,  Frullania)  the  lower  end  of  the  seta  developes  into  a  bulbous  mass 
of  cells  forming  a  false  foot,  the  upper  margin  of  which  grows  up  so  as  to  foim 
a  sheath  round  tbe  lower  part  of  the  seta  in  some  cases. 

The  development  of  the  hypobasal  portion  of  the  embryo  is  comparatively 
insignificant;  in  most  cases  it  is  merely  a  small  appendage  to  the  lower  end  of 
tbe  seta.  The  hypobasal  cell  enlarges  somewhat,  without  undergoing  any 
divi:$ion  (^.p.  Badula,  Madotheca,  Lepidozia,  of  ten  in  Pellia  and  Sympbyogyna) ; 
or  it  under(!oes  transverse  division  to  form  a  filament  of  two  or  three  cells,  the 
lowest  of  which  becomes  elongated  and  grows  down  among  the  cells  at  the  base 
of  the  archegonium  (e.g.  Metzgeria,  Anenra,  Jungfrmannia  bicMpulata) ;  or  it 
dividf>8  by  a  longitudinal  wall  into  two  cells  which  grow  out  into  papilla 
(Frullania  dilatata)^  or,  by  farther  division  its  produces  four  papille  (Calypogeia 
Trichomani*) ;  or,  finally,  it  divides  irregularly  to  form  a  small  group  of  cells 
(Blasia).  In  some  forms,  however  (^.g,  Fossombronia,  Petalophyllum,  prob&bly 
also  Sphflsrocarpus,  Riella  helicophyHa^  Sotarigii^  and  Jteuteri),  the  hypobasal 
cell  appears  to  give  rise  to  a  true  foot,  bulbous  in  form,  comparable  to  that  of 
the  MarchantieaB  (see  p.  340). 

In  the  further  differentiation  of  the  capsule,  the  cells  of  the  amphitheeiom 
undergo  periclinal  division  so  that  the  wall  eventually  consists  of  two  or  more 
(up  to  six)  layers  of  cells ;  thongh  in  Haplomitrium,  Sphierocarpus,  and  Biella, 
the  wall  consists  throughout  of  a  single  layer  of  cells.  In  the  wall-cells  annular 
thickenings  are  developed,  which  are  usnally  transverse;  but  in  Haplomitrium 
there  is  a  single  annular  thickening  situated  longitudinally ;  the  cells  are  un- 
thickened  in  Sphserocarpus  and  Biella.  The  planes  of  dehiscence  of  the  cap- 
sule, except  in  those  forms  which  dehisce  irregularly  (Riella,  Sphierocarpns),  are 
marked  out  by  four  longitudinal  rows  of  small-celled  tisane  which  correspond 
in  position  with  the  walls  between  the  four  apical  cells  of  the  growing  embryo. 

The  arohesporium,  which  is  oo-eztensive  with  the  endothecium,  presents 
various  degrees  and  forms  of  differentiation.  In  Biella  and  Sphnrocarpos  it 
comes  to  consist  of  a  number  of  cubical  cells,  some  of  which  become  the 
muther-oells  of  the  spores,  whereas  the  others  persist  as  unaltered  sterile  cells, 
lu  all  the  other  Jungermanniaces  some  of  the  cells  of  the  endothecium  are 
sterile,  but  they  develope  into  elaters,  becoming  elongated  in  form  and  spirally 
thickened,  having  sometimes  two  spirals  (Haplomitrium,  Plagioohila,  Scapania, 
Juugermannia,  Lophocolea,  Lepidozia,  Badula,  Fossombronia,  Symphyogyna, 
Blasia,  etc.),  or  only  one  (in  the  JabalesB,  e.g.  Lejeonia,  Frullania»  and  in 
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ADMira,  Metsgeria).   The  jrelative  arrangement  of  the  sterile  and  fertile  cells,  de- 
^Kndent  upon  the  growth  of  the  capsnle  along  different  diameters,  varies  some- 
what.  In  the  lower  forms,  the  elongated  arohesphorial  eells  are  arranged  more  or 
less  longitudinally,  either  quite  straight  (e.9.Fra]lania,  Lejeania,  Symphyogyna, 
Umbraenlun),  or  radiating  from  the  apex  of  .the  capsate  (Meizgeria,  Aneara). 
or  radiating  from  the  hase  of  the  capsule  (Pellia,  Radula) :  whereas  in  the 
higher  forms  (Lepidosia,  Calypogeia,  Jnngermanuia),  these  cells  are  placed 
horizontally  ronnd  a  central  longitudinal  ails,  except  at  the  apex  where  they 
radiate.    In  moet  cases  the  sterile  and  fertile  archesporial  cells  are  mingled 
together,  but  in  some  cases  certain  parts  of  the  archesporium  give  rise  especi- 
ally to  spores  and  others  to  elaters.    Thus,  in  Pellla,  the  cells  towards  the  base 
and  those  in  the  longitudinal  axis  of  the  capsule  form  only  elaters,  whereas  in 
Jongermannia  the  formation  of  elaters  is  confined  to  the  cells  near  to  the  wall. 
Whilst  the  development  of  the  embryo  is  taking  place,  growth  is  also  pro- 
ceeding in  the  arehegonium  and  the  adjacent  tissue,  giving  rise  eventually  to 
the  oalyptra.     Several  of  the  arohegonia  of  a  group  may  be  fertilised,  but 
generally  only  one  gives  rise  to  a  fully  developed  sporogonium,  and  itself  takes 
part  in  the  formation  of  the  oalyptra.    The  calyptra  is  sometimes  developed 
from  the  venter  of  the  arehegonium  alone  {e.g.  generally  in  the  Acrogynie,  and 
in  Metzgeria.  Fossombronia) ;  in  the  Anacrogynie  the  adjacent  tissue  of  the 
f'boot  frequently  takes  part  in  its  formation,  as  is  shown  by  the  fact  that  the 
anfertilised  arehegonia  of  the  original  group  are  found  on  the  sides,  or  even  on 
the  top  of  the  calyptra  {e.g,  Aneura,  Symphogyna).    The  wall  of  the  calyptra 
consists  of  one  or  more  layers  of  cells,  and  keeps  pace  with  the  growth  of  the 
embryo  which  it  encloses  until  the  spores  are  mature.    The  cells  of  the  seta 
then  rapidly  elongate,  causing  the  rupture  of  the  calyptra,  and  the  capsule  is 
exposed.    The  capsule  then  dehiitces,  generally  into  four  valves,  sometimes 
ifregnhuriy,  and  the  spores  are  set  free. 
The  Jnngermanniacea  may  be  classified  as  follows  :^~ 
Series  L    Anacbootnjb  :  growth  in  length  not  necessarily  arrested  by  the 
development  of  arehegonia. 
Section  A.    AnelateresB  :  the  sterile  cells  in  the  capsule  do  not  develope 
into  elaters. 
Fam.  1.    EUllea :    including  the  two  genera  Biella   (foliose)  and 
Sphferooarpus  (thalloid);   further  characterised  by  the 
absence  of  annular  thickenings  in  the  cells  of  the  wall 
of  the  capsule,  by  the  irregular  dehiscence  of  the  cap- 
sule, and  (probably)  by  the  development  of  a  true  (hypo- 
basat)  foot. 
Section  B.    Elatereaft :  the  sterile  cells  in  the  capsule  develope  into  elaters. 
a.  ThftUoid  Forms. 

Fam.  2.    MettgeriM :  genera,  Aneura  and  Pseudoneura  (Riccardia), 
Metzgeria. 
„     8.    BiplomitrUm :  Blyttia  and  Mdrkia  (Pallavicinia),  Umbra- 
culum  (Hymenophyton),  Pellia,  Bymphyogyna. 
^..Fo1ioRe  Forms. 

Fam.  4.    Codoniea:     Fossombronia,    Androcryphia    (Noteroclada), 
Petalophyllum,  Blasia. 
„     5.    HaplmnitrUa  :  Haplomitrium,  Calobrynm. 
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Series  II.    Aaioonxm :   growth  in  length  arrested   by  the  development  of 
archegonia ;  all  foliose. 
Fam.  6.     Gymnomitriea :  Oymnomitriom,  Sareoscyphus  (Marsnpella), 
Alicolaria  (Nardia),  etc. 
„     ?•    Jungermantiiea :    Plagioohila,    Jongermannia,    Lophocolea, 

Scapania,  etc. 
„     8.    Oevcalijcea :  Saccogyna,  Calypogeia,  etc. 
„     9.     Trielwmanoidea :  Lepidozia,  Mastigobryom,  etc. 
„    10.    Ptilideai :  Triobocolea,  Ptilidiam,  Seudtnera,  etc. 
„    11.     Platyphyllete :  Badnla,  Madotheea. 
,,    12.    «/u6u!^<a ;  Pbragmicoma,  Lejeonia,  Fmllania,  etc. 
Order  III.    Anthocerotaceae. 

A.  The  Gambtoputtk.  The  protooema  developed  from  the  germinating 
spore  is  a  flattened  plate  of  cells;  in  Aothoceros  the  formation  of  the  fl&ttentd 
plate  is  sometimes  preceded  by  the  oatgrowth  of  the  contents  of  the  spore, 
covered  by  tbe  endosporiam,  into  a  filament  at  the  apek  of  which  the  plate  of 
cells  is  developed ;  in  Deudroceros  the  first  cell-divisions  connected  vrith  tbe 
formation  of  the  protenema  frequently  take  place  within  the  spores  before  tbey 
are  »hed  from  the  sporogonium.  The  adult  shoot 
is  developed  as  a  lateral  out-growth  from  the 
flattened  protonema. 

The  Morphology  of  the  adtUt  shoot.    The  adult 

shoot  is  thalloid,  and  its  symmetry  is  dorsiventral. 

It  is  semi-circular,  or  nearly  circular,  in  outline  in 

AntboceroB  and  Notothylas;  but  in  Dendroceros  it 

is  elongated  and  branched,  in  which  genus  it  has  a 

strongly  developed  midrib  which  projects  especially 

riQ.24(i.—Anthoceroil4Bm9      on  the  ventral  (under)  surface.    There  are  no  ven- 

(nat.  sixe).  K  The  capsules.       ^^^^  ^^^^  ^^  ^^^  ^^^^  surface,  but  numerous  nni- 

sume  as  yet  auQpened.  ,,  ,  .    . 

cellular  root-hairs. 

The  growth  of  the  shoot  is  effected,  in  Anthoceros  and  Notothylas,  by  a  series 
of  marginal  growing-points ;  in  Dendroceros,  by  a  growing-point  at  the  apex  of 
the  main  sboot  and  of  each  of  its  branches.  In  the  growing-point  there  is  a 
row  of  initial  cells,  each  of  which  acts  as  an  apical  cell ;  their  form  is  wedge- 
shaped  in  Anthoceros,  dorsal  and  ventral  segments  being  alternately  cut  off  by 
tbe  formation  of  oblique  walls;  in  Dendroceros  their  form  is  nearly  hemi- 
spheral,  the  base  being  internal,  and  segments  are  cut  off  by  the  successive 
formation  of  transverse  whUs  at  right  angles  to  the  long  axis  of  the  shoot. 

Branching,  or  at  least  the  formation  of  new  growing-points,  takes  place  in 
the  manner  described  for  the  MarchantiacusB  (p.  184). 

Tbe  sexual  organs  are  developed  from  the  dorsal  segments  formed  in  tbe 
growing-point,  and  are  situated  in  the  middle  line  behind  each  growing-point 
in  Anthoceros  and  Notothylas,  on  tbe  midrib  in  Dendroceros.  The  antheridia, 
which  have  a  long  stalk  in  Dendroceros,  are  developed  endogenously,  and  remain 
enclosed  in  the  tissue  until  maturity ;  they  are  developed  either  singly  (some 
species  of  Anthoceros,  Dendroceros)  or  in  groups.  The  archegonia  are  sunk  in 
the  tissue,  the  apex  of  the  neck  reaching  to  the  dorsal  surface  of  the  shoot. 
The  shoots  are  monoecious ;  tl:e  sexual  organs  are  sometimes  intermingled  iu 
tAie  same  group  {frequently  in  Anthoceros). 
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la  axeepiional  eases  tha  antheridia  of  Aathoceros  may  be  developed  at  the 
snrfaeei  i.«.  exogenoosly. 

The  ttmettare  of  the  aduU  thooL  The  adult  shoot,  in  Antboceros  and 
Notothylas,  oonaists  of  several  layers  of  cells  in  the  middle  line,  thinning 
oat  to  a  single  layer  of  cells  at  the  margins.  The  tissue  in  the  middle  line 
consists  of  longitudinally  elongated  cells,  the  walls  of  which,  especially  in  the 
older  parts  of  the  shoot,  frequently  present  reticulate  or  even  spiral  thickening. 
In  Dendroceros  there  is  a  prominent  midrib,  on  each  side  of  which  is  attached 
a  Isminar  portion,  consisting  of  a  single  layer  of  cells ;  in  some  species  there 
are  no  intercellular  spaces,  but  in  others  there  are  air-chambers  in  the  mid- 
rib, which  give  to  its  surface  the  areolated  appearance  so  well-marked  in  the 
MarchantiaeeiB  (see  p.  838). 

A  characteristic  structural  feature  is  the  presence  of  apertures  of  the  nature 
of  pores  in  the  superficial  layer  of  those  parts  of  the  shoot  which  consist  of 
several  layers  of  cells.  They  occur  generally  only  on  the  under  (ventral)  sar- 
face  of  the  shoot,  but  in  some  species  of  Dendroceros  (D.  javanieua^  erUpatus^ 
BreuUlii)  they  are  present  on  the  dorsal  surface  also.  The  pore  is  bounded 
by  two  guard-cells,  formed  by  the  division  of  one  of  the  superficial  cells.  It 
leads  into  a  cavity  which  is,  from  the  first,  filled  with  mucilage.  Into  this 
eavity  the  Alga  Nostoc  obtains  access  through  the  pore,  and  there  grows  and 
maltiplies.  The  growth  of  the  Nostoc  in  the  cavity  is  accompanied  by  active 
growth  of  the  cells  of  the  surrounding  tissue,  so  tbat  the  whole  mass  projects 
from  the  surface  of  the  shoot,  and  the  guard-cells  grow  and  divide,  so  that  the 
oavity  becomes  completely  closed.  At  the  same  time,  filamentous  septate  out- 
growths arise  from  the  cells  of  the  wall  of  the  cavity,  which  ramify  throughout 
the  mucilaginous  mass  (comp.  Blasia,  p.  347). 

The  chloroplastids  of  the  Anthocerotaceie  are  peculiar,  on  account  of  their 
relatively  large  size,  and  of  the  fact  tbat  they  occur  singly  in  the  cells  and  con- 
tain a  pyrenoid  (see  p.  100). 

B.  The  Sporophtte.  The  early  stages  in  the  development  of  the  sporophyte 
of  the  Anthocerotaces  appear  to  be  much  the  same  as  in  the  case  of  other 
Li?erworts  (Fig.  2.S9  C).  The  oospore  divides  transversely  into  an  epibasal  and 
a  hypobasal  half :  and  each  of  these  divides  by  two  perpendicular  walls  so  that 
the  embryo  consists  at  this  stage  of  eight  cells.  The  cells  of  the  epibasal  half 
divide  transversely  several  times,  and  then  further  apical  growth  in  length  is 
arrested  by  the  formation  of  periclinal  walls,  marking  the  differentiation  of 
amphithecium  and  endothecium,  first  in  the  four  apical  cells,  and  subsequently 
in  those  below  them.  By  the  repeated  formation  of  periclinal  walls,  the  amphi- 
theciom  eomes  to  consist  of  several  layers  of  cells.  The  hypobasal  cells  under- 
go but  few  divisions,  giving  rise  to  a  bulbous  foot,  the  superficial  cells  of  which 
grow  out  into  papilln  and  penetrate  between  the  cells  of  the  adjacent  tissue  of 
the  gametophyte. 

The  details  of  the  diflferentiation  of  the  epibasal  portion  of  the  embryo  vary 
eonsidenbly.  In  Anthoceros  and  Dendroceros  (Figs.  238, 239)  the  archesporium 
is  developed  from  the  innermost  layer  of  cells  of  the  amphithecium,  a  pecnli- 
arity,  the  only  other  instance  of  which,  in  the  Musciuete,  is  to  be  found  in  the 
Sphagnaees  (p.  331) :  the  endothecium  gives  rise  to  an  axial  strand  of  sterile 
tissue,  termed  the  columella^  which  is  completely  invested  (except  at  the  base, 
T.  8.  B.  A  A 
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where  it  is  continuous  with  the  tissue  of  the  foot)  by  the  archesporium.  In 
Notothylas,  the  archesporium  is  commonly  co-extensive  with  the  endothedam ; 
but  in  some  forms  the  archesporium  is  developed  from  only  the  external  layer 
of  the  endothecium,  the  rest  of  the  endothecium  constituting  a  columella  (as  in 
the  BryinesB  among  the  Musci). 

In  all  three  genera  some  of  the  cells  derived  from  the  archesporium  are 
sterile.  In  Dendroceros  these  cells  develope  into  elaters  with  spiral  thicken- 
ings, each  elater  consisting  of  a  row  of  several  cells  with  an  apparently  con- 
tinuous spiral  band.  In  some  species  of  Anthoceros  {e.g.  vicentianugf  giganUui, 
etc.,  constituting  the  subgenus  Anthocerites)  there  are  elaters  quite  similar  to 
those  of  Dendroceros:  in  other  species  {e.g,  tuberciUatuSf  glandulotus)  the 
elaters  have  the  same  form,  but  they  have  no  spiral  band ;  in  others  (lacis, 
punctattu)  the  sterile  cells  do  not  form  distinct  elaters,  but  a  network  of  sbort 
cells,  with  spiral  thickening,  in  the  meshes  of  which  lie  the  mother- cells  of  the 
spores.  In  Notothylas  the  sterile  cells  do  not  develope  into  elaters  ;  they  are 
80  arranged  as  to  form  chambers,  in  which  lie  the  mother-cells  of  the  spores. 

The  sporogonium  of  Anthoceros  and  Dendroceros  has  no  seta ;  when  the 
apical  growth  has  ceased,  the  capsule  continues  to  elongate  by  basal  growth, 
and  hence  does  not  ever  become  fully  mature  throughout.  In  Notothylas  the 
sporogonium  has  a  short  seta,  and  elongates  by  intercalary  growth,  the  grow- 
ing-point being  situated  at  the  junction  of  the  capsule  with  the  seta ;  but  tbe 
intercalary  growth  is  of  limited  duration,  so  that  the  whole  capsule  becomes 
mature  throughout,  and  frequently  becomes  disconnected  from  the  seta.  The 
pod-shaped  capsule  of  Anthoceros  and  of  Dendroceros  splits  from  the  apex 
into  two  valves  (Fig.  246).  Stomata  occur  in  the  epidermis  of  the  capsule  in 
most  species  of  Anthoceros,  but  they  appear  to  be  wanting  in  the  other  genera. 

Since  the  archegonia  are  sunk  in  the  tissue  of  the  shoot,  the  calyptra,  which 
invests  the  developing  embryo,  is  developed  mainly  from  the  Burronnding 
tissue,  and  only  to  a  small  extent  from  the  wall  of  the  archegonium. 


CLA.SS   IV.    MUSCI  (Mosses). 

A.  The  Gametophytb.  The  profonema  is  more  conspicaous  in 
the  Mnsci  than  in  the  HepaticsB :  it  sometimes  persists  until  the 
sporogonia  are  developed  and  the  spores  are  ripe  {e.g.  Ephemerum), 
and  in  many  cases  the  subterranean  portion  persists  from  year  to 
year.  It  is  generally  filamentous  and  much  branched ;  but  in 
some  forms  it  is  a  flattened  expansion  {e.g.  Sphagnum,  Andreflea), 
or  cylindrical  branched  and  shrubby  (Andresea),  or  it  bears  lateral 
flattened  expansions  which  are  assimilatory  organs  {e.g.  Andretea, 
Tetraphis,  etc.).  The  filamentous  protonema  consists  of  a  sub- 
aerial  and  of  a  subterranean  portion,  which  differ  in  that  the  cells 
of  the  former  contain  chloroplastids,  their  walls  are  colourless, 
and  the  septa  are  transverse ;  whereas  those  of  the  latter  do  not 
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ooniain  cbloroplastids,  and  tbeir  walls  are  brown  and  tbeir  septa 
oblique.  The  protonema  presents,  in  fact,  a  certain  differentiation 
into  shoot  and  root,  the  term  rhtzouls  being  applied  to  the  root-like 
filaments.  This  differentiation  is,  however,  of  little  morphological 
valne,  since  the  differences  between  the  shoot-  and  root-filaments 
depend  entirely  on  external  conditions :  thas,  if  the  rhizoids  be 
exposed  to  light  thej  assume  the  characters  of  the  snbaerial 
filaments.  In  Andresa  the  differentiation  is'  altogether  wanting. 
The  flattened  protonema  of  Spbagnam  bears  rhizoids  on  its 
margins  and  under  surface. 

The  growth  in  length  of  the  protonemal  filaments  is  apical :  the 
terminal  cell  bebares  as  an  apical  cell  from  which  segments  are 
saccessiyelj  cut  off  by  transverse  or  oblique  walls. 

The  Adult  Shoot  arises  as  a  lateral  bud  on  the  subaerial  portion  of 
the  protonema.  In  some  cases  (Brylnead)  the  subterranean  portion 
}?ives  rise  to  lateral  buds :  these  are  small,  spherical  or  lenticular, 
mnlticell alar  bodies  of  a  brown  colour,  filled  with  reserve  materials, 
and  are  termed  bulbils;  when  they  are  brought  to  the  surface 
they  give  rise  to  adalt  shoots,  either  directly  or  with  the  interven- 
tion of  protonema. 

The  adult  shoot  is  in  all  cases  differentiated  into  stem  and 
leaves,  and  may  be  branched  or  unbranched.  Its  symmetry  is 
commonly  radial  or  isobilateral,  less  commonly  dorsiventral.  In 
the  former  case  it  is  attached  to  the  soil  by  rhizoids  springing 
from  its  basal  portion ;  in  tbe  latter,  by  rhizoids  developed  on  its 
nnder  surface.  In  Sphagnum,  rhizoids  occur  only  on  young 
shoots. 

The  growth  of  the  adult  shoot  (and  its  branches)  is  affected  by 
means  of  an  apical  growing-point  with  a  single  apical  cell  which 
is  generally  a  three-sided  pyramid :  in  Fissidens,  however,  though 
the  subterranean  shoots,  and  in  some  species  the  subaerial  lateral 
shoot's,  have  a  three-sided  apical  cell,  yet,  under  the  influence  of 
light,  the  apical  cell  eventually  becomes  two-sided. 

Each  segment  cut  off  from  the  apical  cell  gives  rise  to  a  leaf : 
hence  the  arrangement  of  the  leaves,  and  the  symmetry  of  the 
shoot,  is  generally  determined  by  tbe  form  of  the  apical  cell. 
Thos  in  Fissidens,  the  leaves  are  arranged  in  two  i*ows  and  tbe 
symmetry  of  tbe  shoot  is  isobilateral :  in  other  cases  (e,g,  Fontin- 
alis)  the  leaves  are  in  three  rows,  and  the  symmetry  of  the  shoot 
is  radial.  But  to  this  rule  there  are  exceptions.  Thus,  in  the 
sterile  shoots  of  Schistostega>  although  the  apical  cell  is  three- 
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sided,  the  leaves  are  arranged,  in  consequence  of  subsequent  dis- 
placement, in  two  rows,  and  the  symmetry  of  the  shoot  is  isobi- 
lateral.  Again,  in  Sphagnum,  Poljtrichum,  Andresea,  etc.,  the 
leaves  are  not  arranged  in  three  rows  with  a  divergence  of  \,  but 
spirally  with  divergences  of  |,  f ,  etc.,  because  the  walls  of  the  seg- 
ments cut  o£E  successively  from  any  one  side  of  the  three-sided 
apical  cell  are  not  parallel  to  each  other,  but  are  inclined  at  an 
angle.     The  symmetry  of  the  shoot  is,  however,  radial. 

Branching  is  confined  to  perennial  shoots,  and  is  lateral,  never 
dichotomous.  When  the  growth  of  the  main  shoot  is  arrested 
by  the  formation  of  sexual  organs  at  the  apex  (ctcrocarpous) ,  one 
(or  more)  of  the  lateral  branches  (termed  innovatiotis)  close  behind 
the  apex  assumes  the  characters  of  the  main  shoot  and  carries  on 
th9  growth  :  the  resulting  branch-system  is  cymose,  either 
sympodial  or  dichasial  according  to  the  number  (one  or  more)  of 
the  innovations  at  each  branching.  When  the  growth  of  the 
main  stem  is  not  thus  arrested,  the  sexual  organs  being  borne 
on  lateral  branches  {pleurocar^ous)^  the  branch- system  is  mono- 
podial  and  racemose. 

The  branches  (except  the  innovations)  frequently  differ  in 
various  ways  from  the  primary  shoot.  Thus,  in  Sphagnum  and 
other  pleurocarpoQs  Mosses,  the  loaves  of  the  branches  differ  in 
size  and  shape  from  those  of  the  primary  shoot :  in  other  forms 
(e,g,  Thuidium)  the  lateral  branches  have  limited  growth. 

The  development  of  the  branches,  though  never  axillary,  is 
intimately  connected  with  the  arrangement  of  the  leaves,  since 
the  apical  coll  of  a  branch  is  developed  fi*om  the  same  segment  as 
the  corresponding  leaf.  Each  branch  is  developed  beneath  the 
corresponding  leaf,  either  in  the  median  line  (e.g,  Fontinalis),  or 
on  one  side  of  it  (e.g.  Sphagnum).  However,  a  bi*anch  is  not 
developed  in  connexion  with  each  leaf. 

In  most  cases  the  adult  shoot  does  not  present  any  differentia- 
tion into  a  vegetative  and  a  reproductive  portion  (gametopliore), 
but  such  a  differentation  is  to  be  found  in  certain  forms.  Thus, 
in  Splachnum,  the  male  organs  are  borne  upon  a  leafless  prolonga- 
tion of  the  shoot :  again  in  Schistostega  the  fertile  and  the  sterile 
shoots  differ  from  each  other  in  form  ;  the  sterile  shoot  is  leafless  at 
the  base,  but  from  the  middle  upwards  it  bears  two  rows  of  leaves 
inserted  longitudinally,  so  that  the  shoot  resembles  a  small  fern- 
leaf  ;  the  fertile  shoot  bears  at  its  upper  part  a  tuft  of  leaves  in 
five  rows,  inserted  obliquely  or  transversely^  whilst  the  lower  part 
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18  either  leafless  or  bears  a  few  leaves  like  those  of  the  sterile 
shoot. 

In  Sphagnnm  and  Andreeea,  the  apex  of  the  female  shoot  grows 
ont,  after  fertilisation  of  the  archegoninm.  into  a  long  leafless 
shoot  termed  a  ptetidopodium,  which  hears  the  sporogoniam  (here 
destitnte  of  a  seta)  at  its  apex.  In  Anlacomninm  and  Tetraphis 
there  is  a  somewhat  similar  terminal  shoot,  likewise  termed  a 
psendopodiam,  which  bears  at  its  apex  a  cluster  of  gemmas. 

The  Leaves  present  considerable  variety  in  size  and  form  (hetero- 
phylly,  see  p.  57)  :  they  may  be  divided,  in  the  first  instance,  into 
fob' age-leaves  and  involtteral  leaves. 

The  foliage- leaves  are  simple  and  sessile;  they  are  nsaally 
inserted  transversely  on  the  stem,  and  are  closely  packed.  They 
are  generally  larger  towards  the  npper  than  towards  the  lower 
part  of  the  shoot.  In  most  pleurocarpons  Mosses  the  leaves  of  the 
lateral  branches  differ  more  or  less  from  those  of  the  main  stem. 
In  some  forms  (e.g,  Bryam  roseuniy  Climacxum,  etc.),  where  the 
branches  take  the  form  of  creeping  runners  or  stolons,  the  leaves 
of  these  branches  are  reduced  to  scales  (cataphyllary  leaves). 

The  involncral  leaves  are  arranged  in  one  or  more  nhorls, 
forming  an  involucre  round  the  sexual  organs.  Those  suiTonnding 
a  group  of  male  oi^aiis  are  commonly  larger  than  the  foliage- 
leares,  and  in  some  cases  (e.g.  Polytrichacees)  are  coloured  red  or 
jellow.  Those  snrronnding  a  group  of  female  organs  differ  but 
little  from  the  foliage-leaves:  the  more  internal  leaves  are  smaller 
than  the  external :  the  innermost  leaves,  distinguished  as  perichoB- 
tial  leaves,  are  quite  rudimentary  when  the  archegonia  are  mature, 
but  after  fertilisation  has  taken  place  they  grow  up  round  the  base 
of  the  seta  of  the  sporogonium. 

The  Sexual  Organs  are  borne  in  groups  (rarely  singly)  at  the  apex 
either  of  the  main  shoots  (acrocarpous),  or  of  lateral  branches 
(fiieuroearpous),  surrounded  by  involucral  leaves,  each  group  with 
its  involucre  constituting  a  receptacle.  Generally  speaking  the 
growth  of  the  shoot  or  branch  ceases  with  the  development  of  the 
sexual  organs,  the  apical  cell  itself  giving  rise  to  an  antheridium 
or  an  archegoninm ;  but  in  some  male  receptacles  (e.g.  Poly  trichaceao 
and  some  other  Bryinees,  also  Sphagnam)  the  apical  cell  persists  as 
BQch ;  consequently  the  elongation  of  the  shoot  or  branch  is  not 
necessarily  arrested  by  the  development  of  the  antheridia,  and 
appears  to  grow  through  the  receptacle. 

Among  the  sexual  organs  there  are  usually  present  multicellular 
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hairs,  termed  paraphyses :  they  are  often  filamentous,  bat  in  some 
cases  (e.g,  male  receptacle  of  Fanaria)  the  terminal  cells  are  lat^e 
and  rounded ;  they  are  hyaline,  or  coloured  red  or  yellow,  some- 
times brownish,  and  the  cells  frequently  contain  chloroplastids. 
They  are  more  numerous  and  more  highly  developed  in  the  male 
than  in  the  female  receptacles ;  they  are  rarely  absent  in  planto 
which  grow  in  dry  situations,  but  frequently  in  those  forms  which 
grow  in  water  or  in  damp  places.  Their  function  seems  to  be  that 
of  secreting  water  to  prevent  the  drying-up  of  the  sexual  organs. 

The  antheridia  are  generally  clnb-shaped  (spherical  in  Sphag- 
num), and  are  shortly  stalked  (see  Fig.  233) ;  the  base  of  the 
stalk  is  dilated  in  some  cases  (e.g.  Andresea).  The  antheridia 
generally  open  at  the  apex  to  allow  the  spermatozoids  to  escape. 
The  archegonia  are  stalked ;  the  neck  is  long,  and  the  venter  is 
but  slightly  dilated  (Fig,  235). 

The  distribution  of  the  sexual  organs  is  various.  The  plant  may 
be  monoecious  (i.e.  may  bear  both  kinds  of  sexual  organs),  or  it 
may  be  dioe^cious :  amongst  the  monoecious  forms  may  be  distin- 
guished those  which  are  tnonoclinoua,  that  is,  which  have  both  male 
and  female  organs  in  the  same  receptacle  (e.g,  Bryum  lacustre, 
cuspidatumy  etc.),  the  archegonia  being  in  the  middle;  and  those 
Avhich  are  diclinous,  that  is,  which  bear  the  male  and  female  organs 
in  distinct  receptacles :  sometimes  {e.g.  Bryum  pendulum^  arciicum, 
etc.)  the  plants  are  heteroclinotis  or  polygatnous,  that  is,  some 
receptacles  are  hermaphrodite,  whilst  others  are  unisexual..  In 
tlie  dioecious  species  the  male  plant  is  usually  the  smaller,  and  is 
short-lived.  In  some  species  the  plants  are  sometimes  moncecious 
(either  monoclinous  or  diclinous)  and  sometimes  dioecious. 

The  Structure  of  tlie  Adult  Shoot,  The  stem  presents  more  or 
less  well-marked  histological  differentiation.  The  outer  portion 
generally  consists  of  one  or  more  layers  of  elongated  prosenchy- 
matous  cells,  with  thickened  walls  which  are  yellow  or  brown, 
forming  the  cortex  which  passes  by  gradual  transition  into  thin- 
walled  parenchymatous  ground-tissue  ;  in  the  subterranean  shoots 
of  the  Polytrichaceae,  however,  the  cortex  is  parenchymatous  and 
thin-walled,  whilst  the  central  tissue  is  thick-walled. 

In  many  species  a  central  straud,  lying  in  the  longitudinal  axis 
of  the  stem,  can  be  distinguished,  the  structure  of  which  presents 
two  principal  varieties;  it  may  be  simple,  consisting  of  a  group  of 
thin- walled  tracheides,  destitute  of  protoplasmic  cell-contents  {e.g. 
species  of  Mnium,  Meesia  longisetay  Archidium  altemifolium) ;  or  it 
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is  componnd,  eonsisting  of  a  group  of  thick- walled  tracheides,  or 
of  several  groups  of  thin- walled  tracheides  with  intervening  paren- 
cbjmatoas  or  prosenchjmatons  cells,  surrounded  by  several  layers 
of  tbin-walled  elongated  cells  with  obliqne  ends,  containing  abun- 
dant protoplasm  and  starch-grains  (e.^.  Polytrichaceee).  This  cen- 
tral strand  is,  in  fact,  a  rudimentary  vascular  stele  :  the  tracheides, 
though  unlignified,  represent  the  wood  or  xylem :  in  the  simple 
form,  the  phloem  is  unrepresented ;  in  the  compound  form  it  is 
represented  by  the  elongated  cells  which  surround  the  xylem. 

The  degree  of  development  of  the  xylem  of  the  central  strand 
18  dependent  upon  external  conditions.  It  is  well  developed  in 
those  forms  (fl.jr.  Polytrichum,  Brynm,  Phascum,  Funaria, 
Fissidens,  Meesia,  Splachnam)  which  grow  under  such  conditions 
that,  whilst  transpiration  is  active,  an  adequate  supply  of  water 
can  be  absorbed.  It  is,  on  the  contrary,  rudimentary  or  absent  in 
those  forms  which  (a)  live  under  conditions  in  which  they  are 
liable  to  be  dHed  up  {e,g.  Hypnum,  Barbula,  Orthotrichum,  etc.)  ; 
or  (b)  which  grow  in  very  wet  situations,  or  actually  in  water  {e,g. 
Sphagnum,  Fontinalis,  etc.). 

The  structure  of  the  leaves  shows  considerable  variety.  Most 
commonly  the  leaf-blade  consists  of  a  single  layer  of  cells,  con- 
taining chloroplastids,  with  or  without  a  midrib.  In  the  midrib  of 
those  forms  which  have  a  central  strand  in  their  stems,  there  are 
one  or  more  rudimentary  vascular  bundles  of  a  structure  corres- 
ponding to  those  in  the  stem.  These  bundles  enter  the  stem  as 
leaf-traces,  and  either  end  blindly,  or  join  the  central  strand  of  the 
ntem.  The  rest  of  the  midrib  is  made  up  chiefly  of  thick-walled 
prosenchymatous  cells. 

The  most  remarkable  deviations  from  the  usual  structure  of  the 
lamina  are  those  offered  by  the  SphagnacesB  and  the  Polytrich- 
aceflB.  In  the  Sphagnaceea  the  constituent  cells  are  of  two  kinds  : 
large  empty  cells  with  perforated  walls  (see  in/ra,  p.  364),  and 
small  cells  containing  chloroplastids.  In  the  PolytrichaceoB,  the 
assimilatory  tissue  is  borne  on  the  surface  of  the  broad  midrib  in 
the  form  of  numerous  longitudinal  plates,  one  cell  thick.  Some- 
thing similar  occurs  in  Aloina  (Aloidella)  and  some  other  forms, 
where  the  upper  half  of  the  inner  surface  of  the  leaf  is  covered 
with  hairs,  the  cells  of  which  contain  many  chloroplastids. 

The  rhizoidM  which  spring  from  the  shoot  are  essentially  similar 
to  those  of  the  protonema:  in  the  Polytrichacea*  they  become 
woand  together  into  strands. 
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The  gametophjte  of  the  Musci  possesses  a  remarkable  capacity 
for  vegetative  propagation.  Thus  the  perennial  protonema  of  many 
species  serves  year  by  year  to  produce  new  adult  shoots  which,  not 
unfreqnently,  become  distinct  plants.  In  the  pleurocarpous  forms 
{e.g.  Sphagnum,  Hypnnm)  the  main  axes  gradually  die  away  from 
behind,  the  lateral  branches  becoming  isolated,  and  constituting 
the  main  axes  of  new  plants.  In  probably  the  majority  of  the 
Musci  almost  any  portion  of  the  body,  a  piece  of  stem  or  a  leaf, 
will,  under  proper  conditions,  grow  out  into  protonemal  filaments, 
which  give  rise  to  adult  shoots  in  the  usual  manner.  In  certain 
species,  belonging  to  the  BryinesB  (Atdacomnium  palustre,  A,  andro' 
gynuniy  Tetraphis  peUucida),  multicellular  gemma  are  produced  at 
the  apex  of  the  stem,  either  free  or  enclosed  in  a  cnpnle  (Tetra- 
phis).  In  Aulacomnium  palustrs  the  gemmsd  appear  to  be  modified 
leaves;  in  A.  androgynam  and  in  Tetraphis  the  gemmae  are 
smaller,  and  consist  of  but  few  cells ;  in  Tetraphis  they  are  borne 
on  long  stalks.  On  being  placed  under  favourable  conditions,  the 
cells  of  the  gemma  grow  out  into  protonema. 

B.  The  Sporophttb.  The  oospore  divides  into  two  by  a  wall 
(basal  wall)  transverse  to  the  long  axis  of  the  archegonium :  from 
the  epibasal  half  is  developed  the  capsule  (theca)  and  its  long  or 
short  stalk  (seta),  whilst  the  hypobasal  half  gives  rise  to  a  more  or 
less  well -developed  foot :  the  whole  being  termed  the  tporogonium. 

The  segmentation  of  the  oospore  into  octants  (see  p.  329)  is 
confined  to  the  epibasal  cell,  and  even  this  can  only  be  traced  in 
Sphagnum,  which  in  this  respect  resembles  the  Liverworts.  In 
the  other  Mosses,  the  epibasal  cell  undergoes  one  or  more  trans- 
verse divisions,  after  which  two  oblique  walls,  cutting  each  other 
at  an  acute  angle,  are  formed  in  the  terminal  cell ;  the  cell  marked 
out  by  these  two  oblique  walls  is  a  two-sided  apical  cell  by  the 
growth  and  segmentation  of  which  the  further  development  of 
the  embryo  is  effected. 

At  an  early  stage  in  the  differentiation  of  the  capsule  (see  Fig. 
238  B)  the  amphitheciuni,  consisting  of  one  or  moi*e  layers  of  cells, 
can  be  distinguished  from  the  endothecium.  The  amphithecium 
constitutes  eventually  the  wall  of  the  capsule ;  the  internal  tissues 
being  formed  for  the  most  part  from  the  endothecium. 

The  archesporium  becomes  differentiated  in  various  positions 
within  the  young  capsule.  It  is  differentiated,  in  the  Sphagnacete, 
from  the  innermost  layer  of  the  amphithecium ;  in  the  Andreseaoe® 
and  Bryinese,  from   the  ext>ernal  layer  of  the  endothecium :  in 
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Archidiam  there  is  no  archesporial-  layer,  bat  the  sporogenons  cells 
are  scattered  throughout  the  endothecinm.  The  cells  which  bound 
the  archesporium  on  each  side  constitute  the  gpore-sac.  The  endo- 
thecial  tissue  which  lies  intemallj  to  the  archesporium  constitutes 
the  columella.  In  the  Sphagnaceee  and  Andreaeacece  the  arche- 
sporium is  a  hollow  hemisphere  covering  the  top  of  the  columella 
like  a  cap ;  in  the  Brjinesei  the  archesporium  is  a  hollow  cylinder 
surrounding  the  columella  which  extends  to  the  apex  of  the  cap- 
sule. In  Archidium  and  in  the  Bryineee  a  large  intercellular  space 
is  developed  in  the  amphithecinm,  between  its  outer  and  its  two 
inner  layers ;  in  most  Polytrichaceee  a  similar  intercellular  space  is 
developed  in  the  endothecinm  intenially  to  the  spore,  sac,  between 
it  and  the  central  portion  of  the  columella. 

At  maturity  the  internal  cells  of  the  capsule  become  dry  and  dis- 
organised, so  that  it  simply  contains  the  spores  which  now  lie  loose 
in  its  cavity.  It  dehisces  by  the  throwing  off  of  its  apical  portion 
as  a  lid  or  operculum  in  SphagnacesB  and  the  higher  BryinesD  (Stego- 
carpie) ;  or  by  longitudinal  fissures,  as  in  AndreseaceaB  ;  or  it  rup- 
tures irregularly  or  simply  decays,  as  in  Archidium  and  the  lower 
Bryinesd  (CleistocarpsB).  In  the  higher  Bryinese  the  mouth  of  the 
dehisced  capsule  bears  a  fringe,  the  peristome,  the  development  and 
structure  of  which  will  be  described  subsequently  (p.  368) . 

The  basal  portion  of  the  capsule,  where  it  joins  the  seta,  is 
termed  the  neck.  In  the  PolytrichacesB  the  neck  is  considerably 
dilated,  as  also  in  various  species  of  Splachnum  (e.g,  S,  sphoBricum, 
vasculosum,  etc.)  whilst  in  Splachnum  luteum  and  rubrum  it  growa 
out  into  an  nmbrel la-shaped  structure.  When  the  neck  is  thus 
markedly  developed  it  is  termed  the  apophysta. 

The  histological  differentiation  of  the  sporogonium  is  well- 
marked.  There  is  a  well-defined  epidermis,  in  which,  on  the  cap- 
sale,  stomata  of  various  forms  are  generally  present  (absent  in 
AndreeacesB,  Archidium,  and  some  Bryineoe)  ;  either  scattered  all 
over,  as  in  the  Sphagnaceaa ;  or  confined  to  a  particular  region  of 
the  capsule,  generally  the  neck  or  the  apophysis,  in  the  Bryinese. 
The  operculum  and  the  peristome  (BryineaD)  show  considerable 
complexity  of  structure.  The  structure  of  the  seta  in  the  higher 
Bryineae,  where  alone  it  is  elongated,  very  much  resembles  that  of 
the  stem:  in  many  forms,  even  in  such  in  the  stem  of  which  no 
central  strand  is  present,  there  is  a  central  strand  in  the  seta, 
marked  off  from  the  ground-tissue  by  one  or  two  layers  of  sheath- 
celU.    In  the   BryinesB  also,  the  structure  of  the  neck  (or  apo- 
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physis)  is  generally  characterised  by  the  presence  of  loose  assimil- 
atory  tissue,  rich  in  chloroplastids,  the  intercellular  spaces  of  which 
communicate  with  the  outer  air  by  means  of  the  stomata. 

The  hypobasal  cell  undergoes  relatively  few  divisions.  In  the 
SphagnacesB,  AndresBaceae,  and  Archidiura,  it  gives  rise  to  a  bul- 
bous foot.  In  the  Bryinese  («.^.  Orthotrichum,  Barbula,  Atrichum 
where  the  hypobasal  cell  undergoes  a  single  division  by  a  trans- 
verse wall)  the  true  foot  is  rudimentary,  but  it  is  functionally  re- 
placed (e.g.  Phascum,  Ephemerum,  Poljtriehnm)  by  the  dilated 
lower  end  of  the  seta  which  constitutes  a  false  foot. 

After  fertilisation,  the  venter  of  the  archegontum  developes  into 
the  caJyptra  which,  for  a  time,  keeps  pace  with  the  growth  of  the 
contained  embryo,  but  is  eventually  ruptured  by  the  gradual 
elongation  of  the  seta.  In  Sphagnaoead,  iu  Archidinm,  and  in 
Phascum  and  Ephemerum  among  the  lower  BryineeD,  the  whole  of 
the  ruptured  calyptra  remains  as  a  sheath,  the  vaginuhi,  round 
the  base  of  the  -short  seta ;  in  the  Andreoeacesd  and  in  the  higher 
Bryiue89  the  lower  portion  remains  as  the  vaginula,  whilst  the 
upper  portion  is  raised  up  like  a  cap  (still  called  calyptra)  on  the 
top  of  the  elongating  sporogonium.  The  floor  of  the  receptacle 
(i.e.  the  apex  of  the  sexual  shoot)  is  also  stimulated  to  gi*owth,  form- 
ing in  most  cases  a  conical  projection  on  which  are  borne  the  para- 
physes  and  the  nnfertilised  archegonia,  whilst  in  Sphagnace®  and 
Andre8Bace89  it  elongates  into  the  long  pseudopodium  (see  p .  328) 
The  perichaetial  leaves  also  grow  up  round  the  lower  part  of  the 
seta  or  of  the  pseudopodium. 

The  sporogonium,  possessing,  as  it  usually  does,  assimilatory 
tissue  and  stomata,  can  assimilate  the  carbon  dioxide  of  the  air,  and 
can  transpire  actively.  The  supply  of  water  necessary  to  meet  the 
loss  by  transpiration  is  obtained,  together  with  salts  in  solation, 
from  the  gametophyte,  being  absorbed  by  the  true  (hypobasal)  or 
the  false  (epibasal)  foot,  and  it  travels  to  the  capsule  through  the 
rudimentary  xylem-t issue  of  the  central  strand  present  in  the  seta 
of  the  higher  forms.  It  is  a  point  of  considerable  physiological 
interest  that  the  absorption  of  water  in  the  first  instance  by  the 
gametophyte  is  apparently  effected  for  the  most  part  by  the  leaves 
rather  than  by  the  rhizoids. 

The  remarkable  capacity  for  vegetative  propagation  manifested 
by  the  gametophyte  is  shared  by  the  sporophyte.  It  has  been 
ascertained  that  if  portions  of  the  capsule  or  of  the  seta,  whilst 
the  cells  aro  still  living,  be  kept  under  favourable  conditions,  the 
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snperficial  cells  will  grow  ont  into  protonemal  filaments.     In  this 
way  the  gametophjte  may  be  derived  from  the  sporophyte  by 
bndding,  without  the  intervention  of  spores  ;  when  this  oecara  it  is 
a  case  of  apospory  (see  p.  87). 
The  Mosses  are  classified  as  follows : — 
Order    I.     Sphagfnace».  Order  III.     Archidiacece. 

„       II.     Andreeeacese.  „     IV.     BryinesB. 

Order  I.    Sphagnaceas  (Bog-MosBes). 

A.  The  Gametophttb.  The  spore  gives  rise  on  germination  to  a  filamentous 
protonema ;  when  germination  takes  place  in  water,  the  protonema  remains 
fiUmentoos  and  branches,  bat  when  it  takes  place  on  a  solid  substratom  the 
pr  tonema  assumes  the  form  of  a  branched  cellular  expansion  attached  to  the 
substratum  by  root-like  protonemal  filaments.  In  either  case  adult  shoots  are 
developed  as  branches  upon  the  protonema. 

The  Morphology  of  the  Adult  Shoot,  The  shoot  is  radially  symmetrical,  and 
is  differentiated  into  stem  and  leaves.  I(  consists  of  a  main  axis  bearing 
numerous  lateral  branches. 

Growth  is  effected,  in  both  the  main  axis  and  the  lateral  branches,  by  means 
of  a  growing-point  in  which  there  is  a  three-si*1ed  apical  celL 

The  Semual  Organa  are  borne  on  specially  modified  lateral  branches  (gameto- 
phores),  the  antheridia  and  archegonia  being  borne  on  distinct  branches,  and  in 
some  species  on  distinct  shoots. 

A  branch  which  bears  antheridia  (antheridiophore)  is  elongated  and  is  coTered 
with  small,  closely  packed,  imbricate  leaves,  by  the  side  of  each  of  which  au 
antberidinm  is  developed.  The  antheridium,  which  is  raised  upon  a  long  stalk, 
is  spherical ;  it  opens  by  the  splitting  of  the  wall  into  valves  from  the  apex 
downwards. 

A  branch  which  bears  archegonia  (archegoniophore)  is  short ;  it  bears  at  its 
apex  a  group  of  (1-5)  archegonia,  surrounded  by  rather  large  involucral  leaves 
with  rudimentary  periobstial  leaves. 

The  Structure  of  the  Adult  Shoot,  The  main  axis  has  no  central  strand ;  it 
consists  of  a  mass  of  elongated  thin-walled  parenchymatous  cells,  which  gradually 
passes  over  into  an  external  zone  of  prosenchymatous  cells,  the  walls  of  which 
are  thick  and  brown ;  externally  to  this  is  a  cortex,  consisting  of  1-5  layers  of 
cells  which  are  usually  em[tty,  and  have  large  holes  in  their  walls  (except  the 
Sphagna  cuspidata) ;  in  some  cases  (Sphagna  cymbifolia)  the  cortical  cells  have 
spiral  thickeninga 

The  cortex  of  the  lateral  branches  generally  consists  of  one  or  two  layers  of 
sells.  In  all,  except  the  Sphagna  cymbifolia,  the  external  walls  of  the  cortical 
cells  are  not  perforated,  though  the  lateral  and  transverse  walls  are  perforated ; 
except  in  the  case  of  certain  large  retort-sbaped  cells,  situated  near  the  inser- 
tion of  the  leaves,  which  have  an  external  opening  at  the  upper  end. 

The  leaves  vary  in  form  according  to  their  position ;  thus  stem-leaves,  branch- 
leaves,  small  scaly  leaves,  and  involucral  leaves  may  be  distinguished.  They 
are  sessile,  and  have  a  broad  inseriion ;  in  most  cases  the  leaf  is  connected  with 
the  prosenchymatous  tissue  of  the  stem,  the  leaf- tissue  extending  through  the 
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cortex.  The  stem-leayes  have,  at  the  base,  a  pair  of  lateral  appendages,  the 
auriculsB. 

The  leaf  consists  of  a  single  layer  of  cells,  and  has  no  midrib.  It  is  made  up 
of  two  kinds  of  cells :  large  empty  cells  of  varioas  forms  with  perforated  walls 
frequently  with  spiral  or  some  similar  form  of  thickening :  small  cells,  arranged 
between  the  preceeding,  containing  protoplasm  and  chloroplastids.  The  relative 
arrangement  of  these  two  kinds  of  cells  affords  a  means  of  classification.  Noatoo 
and  other  Algs  are  frequently  found  in  the  large  empty  cells. 

The  SphagnaceiB  have  no  special  organs  for  vegetative  propagation  ;  bat  thej 
multiply  vegetatively  by  the  dying  away  of  the  main  stems  so  that  the  lateral 
branches  became  separate  and  constitute  distinct  plants :  consequently  these 
plants  arei  found  in  considerable  masses.  They  inhabit  damp,  boggy  spots,  and 
retain  a  considerable  quantity  of  water  in  the  open  cells  of  the  branches  and 


Fio.  218.— Longitodlnal  section  (diajrram- 
matic :  X  19)  of  the  sporogoniam  of  SpbMg- 
sum:  p«  psendopodiom ;  /foot;  ccAlyptr* 
Fro.  247.— Part  of  shoot  of  S)>h<i^um  wiih  neck  of  arohegoniom  h;  a$  arcbe- 

aeutifoUum  (nat.  aize).  h  Capsules.  sporiom. 

leaves.  Masses  of  Sphagnum  thus  saturated  with  water  form  peat-mosses  or 
peat'bogs,  the  water  being  raised  to  the  sarfaoe  by  means  of  the  capillary 
system  formed  by  the  open  cello. 

B.  The  Sporophyte.  The  oospore,  as  in  other  Mosses,  is  divided  by  the 
transverse  basal  wall  into  an  epibasal  and  a  hypobasal  ha^f.  The  epibasal  half 
gives  rise  to  the  capsule :  it  grows  at  first  apically,  segments  being  formed  by  trans- 
verse walls,  each  segment  being  divided  into  four  cells  (quadrants)  by  walls  at 
right  angles  to  «ach  other :  after  six  or  eight  segments  have  been  formed,  apical 
growth  ceases,  the  further  growth  being  intercalary.  The  cells  of  each  segment 
become  differentiated  each  into  an  external  and  an  internal  cell;  the  external 
cells  constitute  the  amphithecium,  the  internal  cells  the  endothecium.  The 
amphithecium  comes  to  consist  of  several  layers  by  periclinal  divisions,  the 
first  formed  and  most  internal  layer  constituting,  in  its  upper  half,  the  arches- 
porium;  the  endothecium  constitutes  the  columella.  Thus  the  arohesporium  is 
a  hollow  hemisphere  which  covers  the  columella  as  a  cap.  There  ia  no  intercel- 
lular cavity  formed  in  the  capsule. 
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The  hjpobMtl  half  of  the  oospore  nodergoes  baft  few  diyisions,  forming  a 
balbouB  foot,  the  saperfioial  oelU  of  which  grow  out  into  short  papiil». 

The  fully  developed  sporogonium  consists  of  a  capsule  attached  to  the  foot  by 
a  Yery  short  seta ;  the  wall  of  the  capsule  consists  of  a  single  layer  of  cells,  and 
has  numerons  stomata.  The  capsule  opens  by  the  throwing  off  of  the  apical 
portion  of  the  wall  as  an  operculum.    There  is  no  peristome. 

When  the  calyptra  is  ruptured,  it  remains  as  a  vaginula  round  the  base  of 
the  capsule.    No  part  of  it  is  carried  upon  the  top  of  the  capsule. 

The  growth  of  the  arohegoniophore  is  stimulated  by  fertilisation.  It  grows 
(Kig.  248  p§)  out  at  its  apex  into  a  long,  leafless  stalk,  the  pteudopodium,  ex- 
panded at  the  top  into  a  cushion  of  cells  in  which  the  foot  of  the  sporogonium 
is  embedded;  the  perichstial  leaves  grow  and  surround  the  base  of  the 
stalk. 

The  order  consists  of  the  single  genus  Sphagnum,  of  which  there  are  many 
ipeeies. 

Order  II.    Andreaeaceae. 

A.  The  Gaxetophttb.  The  g«»rmination  of  the  spore  and  the  various  forms 
o(  protonema  are  in  many  respects  peculiar.  Cell- divisions  take  place  within 
the  spore  before  the  rupture 
of  the  outer  coat  (exospor- 
iam),  a  plate  of  four  cells, 
sometimes  a  mass  of  a 
Urger  number  of  cells,  being 
formed.  By  the  expansion 
of  these  cells  the  exospor- 
ium  is  burst ;  one  or  more 
of  the  peripheral  cells  then 
grow  out  into  branched  fila- 
ments which  grow  apically, 
segments  being  formed  by 
successive  transverse  walls ; 
longitudinal  walls  are  also 
formed,  so  that  the  fila- 
ments consist  of  two  or  more  longitudinal  rows  of  cells,  and  may  develope  into 
flattened  lobed  plates  of  tissue.  In  some  cases  cell-divisions  take  place  in 
three  dimensions,  so  that  the  protonema  becomes  cylindrical,  consisting  of  four 
rows  of  cells,  and  produces  filamentous  branches ;  these  cylindrical  shoots  be- 
come erect,  and  present  a  shrubby  appearance.  Erect,  flat,  leaf-like  plates  of 
tissue  may  be  formed  as  lateral  outgrowths  on  the  protonema,  resembling 
similar  structures  in  other  Mosses  [e.g.  Tetraphu  (Georgia)  pcUucida  ;  Tetrodon- 
tium  Brownianum],  All  these  forms  of  protonema,  except  the  leaf- like  struc- 
tures, give  rise  to  adult  shoots  as  lateral  buds. 

The  Morphology  of  the  Adult  Shoot.  The  adult  shoot  consists  of  a  short 
main  >tem,  closely  covered  with  leaves,  and  is  more  or  less  branched.  In  an 
old  shoot  the  branch-system  is  a  sympodium :  the  lateral  branches  are  produced 
laterally  at  the  growing-point,  and  when,  owing  to  the  formation  of  reproduc- 
tive organs  at  the  apex,  the  growth  of  a  main  stem  is  arrested,  they  become 
nearly  erect  and  continue  the  growth  of  the  shoot.    Growth  is  apical,  and  is 


Fig.  240.— it  Plant  of  Eph*m$rum  s«rraium,  one  of 
the  Br jine»  ( x  20)  :  p  protonema ;  hn  bud ;  b  leaves ; 
t  Bporogonium ;  c  calypi  ra.  B  Andrecea  ]>efro)>h»la  ( x  6>: 
pi  pseadopodium ;  fc  capsule  which  has  dehisced. 
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effected  by  means  of  a  three-sided  apical  cell.  The  leaves  are  sessile,  the  lover 
leaves  are  small  and  deciduous. 

The  Sexual  Ovijant  are  borne  in  terminal  groups  on  the  shoots  ;  the  male  and 
female  organs  are  always  borne  on  distinct  branches,  generally  on  the  same  plant 
(monoecious),  or  on  distinct  plants  (diGecious) :  since,  in  both  cases,  the  apical 
cell  of  the  shoot  gives  rise  to  a  sexual  organ,  the  growth  of  the  shoot  is  arrested 
by  the  development  of  the  reproductive  organs.  The  group  of  sexual  organs 
is  surrounded  by  involucral  leaves,  and  amongst  them  are  developed  filamentous 
parapbyses.  The  antheridia  have  short  stalks :  the  archegoniA  have  short  stalks 
and  very  long  necks. 

The  Structure  of  the  Adult  Shoot  is  simple ;  there  is  no  central  strand  ;  the 
peripheral  cells  are  narrower  than  the  internal  cells,  and  their  walls  are  of  a 
yellowish  colour. 

The  leaves  consist  of  a  sinf^le  layer  of  cells  all  containing  chloroplastids :  in 
some  species  there  is  a  midrib  con^^isting  of  several  layers  of  cells. 

a.  The  Sporophyte.  A  two-sided  lenticular  apical  cell  is  formed,  in  tbe 
epibasal  cell,  by  two  oblique  intersecting  walls,  from  the  two  sides  of  which 
about  twelve  segments  are  alternately  out  off.  In  the  upper  segments  cut  off 
from  the  apical  cell  the  amphithecium  and  the  endothccium  are  differentiated ; 
the  two  lower  segments  (on  each  side)  form  the  short  seta  of  the  sporogonium. 
The  hypobasal  cell  undergoes  a  few  divisions  to  form  the  foot. 

The  archesporium  is  differentiated  from  the  external  layer  of  the  endotbe- 
cium,  the  rest  of  the  endothecium  forming  the  columella.  The  archeftporium 
lias  the  form  of  a  hollow  cone,  covering  the  top  of  the  columella  ;  no  intercel- 
lular spaces  are  formed. 

When  the  calyptra  is  ruptured,  the  upper  portion  is  borne  on  tlie  top  of  the 
capsule  as  a  cap ;  the  lower,  the  vaginula,  invests  the  short  seta.  The  capsale 
dehisces  by  four  longitudinal  fissures,  extending  to  neither  the  base  nor  the  apex 
(Fig.  249  B) :  there  is  no  operculum,  or  peristome,  nor  has  the  wall  of  tbe 
capsule  any  stomata. 

The  shoot  is  stimulated  to  growth,  after  fertilisation,  producing  a  short  leaf- 
less pseudopodium,  which  carries  up  with  it  the  unfertilised  archegonia  of  the 
gronp :  the  perichsetial  leaves  also  develope,  and  invest  the  base  of  the  pseudo- 
podium. 

The  AndreaeacesB  are  small  cnespitose  Mosses  (Fig.  250  h)  growing  on  rocks  in 
mountainous  districts.    The  order  consists  of  the  single  genus  Andreaea. 

Order  III.    ArchidiaceaB. 

A.  The  Oametophyte.  The  protonema  is  filamentous,  and  the  subterranean 
portions  of  it  are  perennial :  it  gives  rise  to  numerous  adult  shoots. 

The  Morphology  of  the  Adult  Shoot,  The  adult  shoot  consists  of  a  very  short 
stem  with  scattered  leaves.  It  bears  lateral  branches,  both  sterile  and  fertile : 
the  former  are  long  and  decumbent,  and  give  rise  in  the  succeeding  year  to 
erect  fertile  shoots.  The  male  and  female  organs  are  either  borne,  togetlier 
with  paruphyses,  terminally  on  distinct  branches  of  the  same  plant ;  or  the 
antheridia  are  borne  singly  in  the  axils  of  the  perichaatial  leaves  of  the  female 
receptacle. 

The  Structure  of  the  Adult  Shoot,  There  is  a  central  strand  of  conducting 
tissue,  surrounded  by  parenchymatous  cells ;  externally  is  a  layer  of  narrow 
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thiek-wftlled  eella.  The  leaves  have  a  prominent  midrib  ;  the  lamina  consists 
of  a  single  lajer  of  cells. 

B.  The  Spobufhtte.  The  first  stages  of  the  development  resembles  those 
of  Andrecea.  The  epibasal  half  of  the  embryo  grows  for  a  short  time  by  means 
of  a  two-sided  apical  cell.  It  undergoes  differentiation,  by  the  formation  of 
pericUnal  walls,  into  amphithecium  and  endothecium ;  in  the  upper  two-thirds, 
of  the  capsule  the  innermost  layer  of  the  amphithecium  becomes  separated  from 
the  outer  layers,  a  large  intercellular  space  being  formed  between  them. 
There  is  no  archesporial  layer  or  columella,  but  isolated  internal  cells  of  the 
endothecium  are  spore-mother- colls,  each  giviag  rise  to  four  spores.  The  lower 
part  of  the  epibasal  half  forms  the  very  short  seta  or  neck.  The  hypobasal 
half  gives  rise  to  a  bulbous  foot.     There  are  no  stomata  on  the  capsule. 

The  ruptured  ealyptra  surrounds  the  base  of  the  sporogonium  as  a  vnginula ; 
no  portion  of  it  is  raised  up  on  the  top  of  the  capsule.  The  capsule  ruptures 
irregularly. 

The  order  includes  the  genus  Archidium  with  the  single  species  A,  phaacoides 
{rtltemifoliu*,) 

Order  IV.    Bryineae. 

A.  The  Gauetophytb.  The  protonema  is  filamentous,  though  in  some 
eases  {e.g.  Tetraphis  peliucida  and  other  Georgiacese)  it  develops  flattened 
cellular  appendages  which  are  assimilatory  orgatis  (see  Andreseacese,  p.  365). 
The  Bubaerial  portion  of  the  protonema  is  generally  short  lived,  though  in  some 
eases  it  persists  {e.g,  Ephemerum)  at  least  until  the  sporogonium  has  been 
developed  and  the  spores  are  ripe :  the  subterranean  portion  frequently  persists 
from  year  to  year.  The  subaerial  portion  gives  rise  to  the  gametophores  as 
lateral  buds;  in  some  forms  the  subterranean  portion  produces  lateral  bads  in  the 
form  of  hulhiU  (p.  355)  which,  when  they  are  brought  to  the  surface,  give  rise  to 
pametophores  either  directly  or  indirectly  with  the  intetvention  of  protonema. 
It  is  commonly  the  case  that,  when  protonema  is  kept  dry,  some  of  the  cells 
grow  larger  and  their  walls  thicker,  whilst  the  other  cells  perish ;  the  persistent 
cells,  when  moistened,  develope  into  filaments. 

The  AduH  Shoot  does  not  present,  with  regard  either  to  its  morphology  or  its 
liistoloffy,  any  especially  characteristic  features  ;  it  varies  in  size  from  a  mere 
bad  in  such  forms  as  Phascum  and  Ephemerum,  where  it  is  annual,  to  a  shoot 
several  inches  long  in  such  forms  as  Foatinalis  and  Polytrichum  where  it  is 
perennial.  In  the  latter  case  there  is  generally  a  central  strand,  and  frequently 
leaf-traces,  in  the  stem.  It  may  be  either  acrocarpous  or  pleurocarpous,  a 
feature  which  is  important  in  the  classification  of  the  group.  The  leaves  have 
commonly  a  midrib  :  those  of  Leucobryum  resemble  those  of  Sphagnum  in  that 
they  consist  of  two  kinds  of  cells,  an  internal  layer  of  small  living  cells  with  ohlo- 
rophMtids,  and  external  layers  of  dead  cells  with  perforated  walls ;  the  peculiar 
structure  of  the  leaves  of  Polytrichum  has  been  already  described  (p.  359). 

B.  The  Sporopoyte  presents  features,  both  as  to  its  morphology  and  histo- 
logy, which  are  characteristic  of  the  group.  It  is  differentiated  into  a  true 
hypobasal  foot,  a  seta,  and  a  capsule.  The  true  foot  is  rudimentary.  The 
•eta  is  relatively  short  in  the  lower  forms :  a  false  (epibasal)  foot  is  fre- 
quently developed  from  the  lower  portion  of  the  seta.  The  neck  of  the  oapsale 
has  nearly  always  stomata  in  its  epidermis,  and  is  developed  into  a  distinct 
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apophysis  in  some  forms  {e.g,  Splachnam,  Polytriohum).  Part  6t  the  external 
layer  of  the  endothecium  becomes  the  archesporiam,  which  forms  a  hollow 
cylinder  round  the  columella,  but  does  not  extend  over  the  top  of  it :  an  air- 
chamber  is  developed  in  the  amphithecium  round  the  spore-sac,  and  is  gener- 
ally traversed  by  strands  of  cells  (containing  chloroplastidn)  stretching  from  the 
wall  of  the  capsule  to  the  spore-sac.  In  the  lower  forms  the  capsule  is  either 
indehiscent,  its  wall  becoming  eventually  disorganised,  or  it  ruptures  irregu- 
larly ;  in  the  higher  forms,  the  apical  portion  of  the  wall  is  thrown  off  as  an 
operculum,  and  a  peristome  is  generally  developed  round  the  aperture  thus 
formed.  In  all  cases  a  (portion  of  the  calyptra  is  carried  up  as  a  cap  on  the 
top  of  the  developing  sporogonium. 

The  BryinesB  are  classified  as  follows  : 

Tribe  I.    CleistocarpaB.  Tribe  II.    Stegocarpss. 

Tribe  I.  CLEisTocARPiB.  The  adult  shoots  are  generally  minute,  un- 
branched,  annual,  and  always  acrocarpous ;  there  is  geuei  ally  a  central  straud 
in  the  stem,  and  a  mid-rib  in  the  leaf. 

With  regard  to  the  sporogonium,  tbe  seta  is  generally  short,  sometimes  ex- 
panded at  the  base  into  a  false  (epibasal)  foot  (e.g,  Phascum,  Ephemerum), 

without  any  central  strand  in  some  forms. 
_  The  capsule  does  not  open  by  means  of  an 

tl      ^  operculum,  nor  has  it  any  peristome  (a  rudi- 

J%k  tK  mentary  operculum  can  be  detected  in  As- 

^m^K  tomum,  Mildeella,  and  a  few  other  forms,  as 

^^  also  a  rudimentary  peristome  in  Mildeella) ; 

it  either  ruptures  irregularly,  or   the  wall 
Pie.  2S0.-a  EpUmerum  Berratnm       ^j       j     ^ 
(x  3):  h  hhoot  ot  Andrtaa  nivali*,  r«7       .  «      .  ,  ..,-.,. 

with  (i)  capsule  (MIL  siae).  ^he  followmg  are  the  pnncipal  famUies 

and  genera  of  the  Gleistocarpie  : 
Fam.  1.    Fphemeracea  :  Ephemerum  (Fig.  249  A),  Nanomitrium. 
„      2.    Phytcomitrellacea :  Physcomitrella. 
„     3.    Phascacea :  Phascum,  Acaulon,  Mildeella,  Astomum. 
„      4.    Bfuchiaceae :  Pleuridium,  Bruchia. 
„      5^    Voitiacfte  :  Voitia,  by  far  the  largest  forms  in  the  tribe. 
Tribe  II.— Steoocabpa.    The  characteristics  of  this  tribe  are  to  be  found  in 
the  sporogonium,  which  is  distinguished  by  the  formation  of  an  operculam  and, 
generally,  of  a  peristome. 

The  operculum  is  developed  from  the  apical  portion  of  the  capsule,  either 
from  the  epidermis  alone  (e.g,  Georgiaceie),  or  from  it  and  one  or  more  of  the  sub- 
jacent amphithecial  layers.  The  cell- walls  become  cuticularised  and  assume  a 
yellow  or  brown  colour.  The  outliue  of  the  operculum  Is  circular ;  its  form 
cap-like,  more  or  less  flattened  in  some  cases,  more  or  less  conical  in  others, 
sometimes  apiculate. 

The  limit  between  the  developing  operculum  and  the  rest  of  the  cap«ale 
(urn)  is  generally  marked  by  a  slightly  prominent  zone,  consisting  of  one  or 
more  rows  of  rather  large  epidermal  cells,  with  cuticularised  outer  wall.«, 
termed  the  ring  or  annulut :  its  position  is  just  above  the  level  of  the  top  of  the 
spore-sac  and  of  the  air-chamber. 
The  periiUme  is  developed  within  the  operculum,  from  the  innermost  layer 
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or  bjen  of  the  ampbitheeial  cells,  the  entire  walls,  or  only  portions  of  the 
longitadinal  and  transverse  walls,  of  larger  or  smaller  plates  of  these  cells,  be- 
come thickened,  cnticularised,  and 
eoloored  yellow  or  brown.  The 
onthickened  cell-walls,  or  the  an- 
tbiekened  portions  of  them,  break 
away  as  the  capsule  becomes  ripe, 
leaving  only  the  thickened  portions 
forming,  as  it  were,  a  skeleton  at- 
tached to  the  nm  just  below  the 
level  of  the  annnlns.  The  following 
are  the  principal  varieties  of  peri- 
stome-formation.  In  the  Georgia- 
cee  {e.g.  Tetraphis)  the  peristome  is 
developed  from  the  two  layers  of 
cells  beneath  the  epidermis  which 
forms  the  opercalnm :  the  walls  of 
these  cells  all  become  thickened; 
when  the  opercalnm  falls  off  this 
plate  of  tissne  splits  from  the  centre 
into  foar  eqoal  segments  which  are 
the  teeth  of  the  peristome.  In  most 
Mosses  the  peristome  is  formed  from 
a  single  layer  of  cells,  and  consists 
of  two  rows  of  teeth,  an  inner  and 
an  oater.  This  doable  peristome  is 
dependent  npon  the  distribution  of 
the  cuticnlariFation  of   the  walls: 

both  the  internal  and  the  external  walls  of  the  peristomial  cell-layer  become 
eaticularised,  but  the  lateral  and  part  of  the  transverse  walls  joining  them 
remain  unaltered  and  eventually  break  away,  leaving  the  thickened  internal 
and  external  walls  as  separate  strips,  which  may  be  further  divided  longitudin- 
ally into  teeth.    The  teeth  of  the  outer  peristome  are  generally  larger  than 

those  of  the  inner  which  are  sometimes  dis- 
tinguished as  cilia ;  their  number  is  a  power 
of  two  (4-8-16-32-64.)  There  is  consider- 
able variety  in  the  structure  and  form  of  the 
peristome ;  this  affords  a  means  of  classifica- 
tion. The  genus  Polytricbum,  for  instance, 
is  characterised  by  the  fact  that  the  teeth  of 
the  peristome  consist  of  strands  of  thick- 
walled  fibres,  the  tips  of  which  are  not  free, 
as  is  usually  the  case,  but  are  connected  by 
a  membrane  stretched  over  the  aperture  of 
the  urn,  termed  the  epiphragm. 

A  peristome  is  not  present  in  several  genera 
(e.g,  Gymnostomum,  Hymenostomnm,  Schis- 
tostega,    etc.);    nor  in    some    species  {e.g^ 


Fie.  261.— FunaKa  h,ygrom$tric<i,  A  An  adalt 
shoot  (0),  bearing  a  caljptra  (c).  B  A  plant 
ig)  bearing  a  nearly  ripe  sporogoniam  ;  f  its 
seta ;  /the  Cftpsale ;  e  the  calyptra.  G  Median 
longitudinal  section  of  the  capsule :  d  oper- 
onlum ;  a annnhis ;  p peristome ;  c c'  columella; 
X  air-oavity ;  f  the  archesporiam. 


7ie.  2£2.— Month  of  the  theca  of 
F<mKfialis  antipu^elica.  ap  Outer 
peristooMi ;  ip  inner  peristome.  <h 
M.) 
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species  of  Pottia  and  Enoalypta,  Seligeria  Doniana,  Orthotriehum  gymnottomtm 
etc)  belonging  to  genera  in  which  a  peristome  it  usaally  present. 

As  the  capsule  matares,  the  cells  (except  the  spores)  lose  their  cell-contents ; 
and  those  whose  walls  have  not  become  thickened  and  cnticularised,  dry  up  and 
shrink,  the  shrinkage  being  necessarily  accompanied  by  the  tearing  of  the  thin 
walls  in  Tarioas  parts.  The  persistent  cuticalarised  walls  are  highly  hjgro- 
Bcopie,  and  it  is  in  consequence  of  the  tensions  set  up  by  the  unequal  stretchiog 
and  contraction  of  these  walls,  due  to  variations  in  their  moisture,  that  the  split- 
ting off  of  the  operculum  is  effected 


'C^"^  'j^ 


Fio.  253.— Sporogoninm  of  Futiaria  hygrofMtrica.  A,  «  Mia ;  h  enprale ;  e  calyptra  (x8). 
B  Section  of  a  half-developed  capsule  (  x  10) :  e  columella ;  f  aroheeporiam ;  I  air-caTity ; 
d  8ulM>percular  tiBsae ;  p  perietome.  C  Apical  portion  of  the  same  oapenle  {x40)i  d  oper- 
culum; id  Bub-opercniar  tissue;  ap  outer  peristome;  ip  inner  peristome;  r  ring;  I  air* 
fpaoe;  e columella;  f  spore-sao. 

The  StegocarpsB  are  classified  as  follows :  — 

Suh-tribe  ACROCARPM :  arcliegonia  terminal  on  the  main  shoots ;  but  the 
sporogonia  are  sometimes  apparently  lateral  in  consequence  of  the  growth  of 
lateral  branches  (innovations)  which  force  the  apex  of  the  main  shoot  to  the 
side.    The  followiag  are  the  principal  families  and  genera  :— 
Fam.    1.     Weuiaeea :  fiymenostomnm,  Oynmostomum,  Weisia. 
2.    Dieranaeea :  Dicranum,  Dicranella. 
8.    Leueohryacea :  Leucnbryum. 

4.  FittidentcLcea :  Fissidens. 

5.  Seltgeriacea  :  Seligeria — small  mosses  growing  only  on  rocks. 

6.  Pottiaeea :  Pottia,  Tortula,  Barbula,  Triohostomnm,  Ceratodon. 

7.  Grimmi<uea :  Orimmia,  Racomitrium,  Hedwigium. 

8.  Ortliotrichacea  :  Orthotriehum,  Zygodon. 

9.  Bncalyptacfa :  Encalypta. 

10.  Oeorgiaeea :  Georgia  (Tetraphis),  Tetrodontium. 

11.  SchiMtoiUgaeea :  Schistostega. 

12.  Splachnaeea  :  Dissodon,  Tayloria,  Splachnum. 
18.  Funariacea:  Physcomitrium,  Funaria. 

14.  Mniacea  :  Mnium,  Meesia,  Aulacomnium. 

15.  Bryacfa  :  Bryum.  Webera. 

16.  Polgtrichacea  :  Atrichum,  Polytriohum,  Pogonatum. 

17.  Buxbaumiacea :  Buxbaumia. 
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Suh-Trihe  Plsurocarpm  :  Arcbegonia  (and  subseqaently  the  sporogonia) 
boroe  tenninally  on  short  lateral  branches.  The  following  are  the  principal 
families  and  genera : — 

Fam.  18.    Fontinalaeea :  Fontinalis. 
M     19.    Necktraeea :  Neckera,  Leptodon,  Leneodon. 
„    2b.    Hookeriaeea  :  Daltonia,  Hookeria. 
M    21.    Fabroniacea  :  Fabronia,  Anacamptodon,  Mjrinia. 
„    22.     Tkuidiacea :  Leskea,  Tbuidiom. 

„    23.    Hypnaeea:  Climaciom,  Braohytbeciam,  Hypnum,  Hylocomium, 
Eurbyncbium. 

The  following'  are  among  the  more  familiar  species  of  aerooarpoas  Moases  :  — 

Dtcroiiuiii  teoparium^  with  Bickle-sbaped  leaves,  is  common  in  woods.  Letieo- 
bymm  glaueum  has  leaves  consisting  of  several  layers  of  cells,  which  resemble 
tbose  of  Sphagnum  in  tbeir  structure  ;  it  occars  in 
Pine- woods  and  on  moors.  Ceratodon  purpureiia, 
with  a  red  seta  and  a  short  stem,  is  very  common 
in  varions  locnJities.  Barhula  muralU  grows  in 
patches  on  walls  and  rocks;  the  midrib  of  the 
leaves  is  prolonged  into  a  bair.  so  that  the  patobes 
of  Moss  look  greyish.  Tetraphit  pellueida  has  bright 
green  leaves ;  it  grows  on  decayed  tree-trunks,  and 
bears  gemmas  of  peculiar  form.  Orimmia  pulvinata 
occars  on  walls  and  stones  in  round  greyish-green 
patches ;  the  capsules  have  very  short  sets.  Ortho- 
trichttm  ajffitte  and  other  species  have  also  sbortly- 
stalked  capsules,  and  are  common  on  trees.  Funa- 
Ha  hygrometrica  (Figs.  251  >8)  has  an  oblique,  pear- 
shaped  capsule  ;  the  long  settt  have  the  peculiarity 
of  contracting  into  a  spiral  on  being  wetted  and 
dried;  it  is  common  on  walls  and  pathn.  Poly- 
tridtum  formofum  (Fig.  254)  and  other  species  are 
the  largest  of  our  indigenous  acrocarpous  Mosses ; 
they  have  large  dark  green  leaves  and  long  hairy 
calyptrflB  and  are  common  in  woods  and  on  heaths. 

The  following  are  among  the  more  familiar  species 
of  pleurocarpous  Mosses :— 

Fontinalia  antipyretica  floats  in  water.  Neckera 
cru/ia,  with  flat  onl  spreading  leaves,  grows  on  rocks. 
Thuidium  abietinum  and  other  species  grow  on 
banks  and  in  woods ;  they  have  regular,  pinnately 
branched  stems  and  very  small,  closdy-set  leaves. 
Leucodon  Mciuroidea  is  common  on  tree- trunks. 
Braehytheeium  rutabafum  is  common  in  woods. 
f.urliyiiehium  pralongnmt  with  long  creeping  stems, 
occars  in  woods  and  damp  gardens.  Hypnum  cuprettiforme  is  very  common 
CD  tree-tranks,  and  H.  eutpidatum  and  giganUum  in  bogs  and  ditches.  Uylo- 
comium  iriquefriim  is  very  commonly  used  for  garlands  ;  this  and  H,  tplenderu, 
with  remarkably  regular  ramification,  are  both  common  in  woods. 


Fio.  254.— T»iro  planU  of 
Polytriehumformonnn  bear- 
ing  sporogonia  (nat.  siie). 
Ic  The  capsale;  f  the  seta; 
e  calyptra. 
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GROUP  HI. 
PIERIDOPHYTA  (YMCUlar  Cryptogams). 

The  distinguishing  characteristics  of  the  plants  forming  this 
group  are  the  following  : — The  life-histoiT'  presents  a  well-marked 
alternation  of  generations,  as  in  the  Brjophyta;  but  here  it  is  the 
sporophjte  which  is  the  more  conspicnous  form,  constitating  "the 
plant.**  The  sporophjte  becomes  qaite  distinct  from  the  garaeto- 
phjte  at  an  earlj  period:  it  is  differentiated  (with  bnt  few 
exceptions)  into  root,  stem,  and  leaf;  and  in  all  cases  it  contain8 
well-developed  vascular  tissue.  The  gametophjte,  generally 
termed  the  prothallium,  is  a  relatively  small  thalloid  body,  usually 
short-lived,  containing  no  trace  of  vascular  tinsue. 

The  group  includes  the  three  classes,  Filicinae,  Equisetine, 
LycopodinsB. 

The  Sporophtte  is  developed  from  the  oospore  :  its  embryogeny 
is  direct  and  holoblastic.  The  oospore  undergoes  division,  in  all 
cases,  into  an  epibasal  and  a  hypobasal  half,  by  a  hasal  wall  which 
is  either  more  or  less  nearly  parallel  to  the  long  axis  of  the 
archegonium  (Leptosporangiate  FilicinsB)  or  more  or  less  nearly 
transverse  to  it :  the  epibasal  half  usually  faces  the  neck  of  the 
archegonium,  bnt  in  the  Lycopodinee  the  hypobasal  half  occupies 
this  position.  In  the  Filicinaa  and  Equisetince,  the  formation  of 
the  basal  wall  is  followed  by  the  formation  of  another  wall  at 
right  angles  to  it  (quadrant-wall)  so  that  the  embryo  now  oonsi»>tfl 
of  four  cells  which  are  quadrants  of  a  sphere,  and  this  is  followed 
by  the  formation  of  a  third  wall  (octatU-waU),  at  right  angles  to 
both  the  preceding,  so  that  the  embryo  now  consists  of  eight 
cells  which  are  octants  of  a  sphere.  In  the  Lycopodinoe  the 
segmentation  leading  t.o  the  formation  of  quadrants  and  octants  is 
confined  to  the  epibasal  half,  the  hypobasal  half  remaining  un- 
divided or  undergoing  a  few  irregular  divisions.  From  the 
epibasal  half,  the  primary  stem  and  one  or  two  primary  leaves 
(cotyledons)  are  developed  in  all  cases.  The  hypobasal  half 
gives  rise,  in  the  FilicineB  and  Equisetinea,  to  the  primary  root 
and  to  the  foot,  with  but  few  exceptions  (e.g,  Salvinia  in  which 
there  is  no  primary  root)  :  in  the  Lycopodinao  the  hypobasal  half 
gives  rise  to  a  stupetuor^  an  organ  homologous  with  the  foot  of  the 
Bryophyta. 

The  foot  (as  also  the  suspensor:  see  p.  14)  is  an  embryonic 
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oi*^n,  no  trace  of  which  persists  in  the  adnlt.  It  is  the  organ  of 
attachment  of  the  emhryo-sporophy te  to  the  gametophy te ;  and  it 
is  also  the  absorbent  organ  bj  which  the  embryo,  nntii  it  is  able 
to  absorb  and  assimilate  food  for  itself,  obtains  its  nourishment 
from  the  prothalUum  (compare  Bryophyta,  p.  330). 

The  development  of  a  snspensor  in  the  Lycopodinaa  is  an  adap- 
tation correlated  with  the  fact  that  the  nourishment  of  the 
eubryo  in  that  gronp  depends  upon  its  coming  into  direct  contact 
with  the  tissue  of  the  massive  gametophyte,  the  cells  of  which 
are  filled  with  nutritive  substances. 

A  yrimary  root,  that  is,  a  root  developed  from  the  hypobasal  half 
of  the  oospore,  and  so  situated  at  its  origin  that  its  growing- point 
is  in  a  straight  line  with  that  of  the  stem  (see  p.  15),  only 
occura  in  the  Filicinie  and  Equisetinas;  but  even  here  it  does 
not  persist  as  a  tap-root  in  the  adnlt;  in  these  plants  numerous 
adventitious  roots  are  developed.  In  the  Lycopodinte,  where 
there  is  no  primary  root,  all  the  roots  are  adventitious. 

Some  adult  forms  are  altogether  without  roots:  as  Salvinia, 
and  some  species  of  Trichomanes,  among  FilicinaD ;  Psilotum  and 
Tme«ipteris,  among  Lycopodinse.  The  functions  of  the  root  are 
discharged,  in  Salvinia  by  modified  leaves,  in  the  others  by 
modified  branches.  In  the  absence  of  information  as  to  the 
embryogeny  of  these  rootless  plants,  except  Salvinia,  it  is  not 
possible  to  state  definitely  that  they  are,  like  Salvinia,  i*ootless  from 
the  first:  for  it  is  conceivable  that  they  may  have  a  short-lived 
primary  root  which  entirely  disappears  as  the  embryo  developes. 

The  branching  of  the  root  is  generally  lateral  in  the  Filicinas 
and  EquisetinsB;  it  is  dichotomous  in  the  Lycopodinsd  and  in 
Isoetes.  In  the  former  case,  the  lateral  rootlets  are  developed, 
in  the  Filicina^,  from  cells  (rhizogenic)  of  the  endodermis  which 
are  opposite  to  the  zylem-bundles  of  the  stele ;  in  the  Equisetinae, 
from  the  cells  forming  the  inner  layer  of  the  two-layered  endo- 
dermis. 

The  item  is  generally  short  and  unbranched  in  tho  FilicinsB ; 
generally  elongated  and  much  branched  in  the  Equise tines  and 
Lyoopodinie. 

The  leaves  are  differentiated  into  foliage- leaves  and  sporophylls 
in  the  Equisetinsa  and  generally  in  the  Lycopodinse,  but  not  in  the 
FilieiniB  aa  a  rule:  the  foliage-leaves  are  relatively  large  in 
proportion  to  the  stem  in  the  Filicins),  relatively  small  in  the 
Lycopodinss,  reduced  to  cataphylls  in  the  Equisetinae. 
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The  growth  in  length  of  root,  stem,  and  leaf,  is  effected  by  en 
apical  growiDg-point :  the  growing-point  has  generally  a  single 
apical  cell  in  the  FilicinsB  and  EqaisetinsQ  (except  root  and  stem 
of  Marattiacese  and  Isoetes)  ;  in  the  LycopodinaB  (as  also  in  the 
foregoing  exceptional  Filiciuse)  there  is  generally  a  groap  of 
initial  cells. 

The  anatomy  of  the  stem  presents  considerable  variety.  The 
primary  stem  is  in  all  cases  monostelic  (p.  152) :  it  may  continue 
to  be  monostelic  {e.g.  Lycopodiaceaa,  Isoetes,  Osmandacese,  etc.)« 
but  more  commonly  it  becomes  polystelic  (most  Filicince),  or  schizo- 
stelic  (Equisetin89,  Ophioglossacese).  The  vascular  tissae  of  the 
wood  consists  of  lignified  spiral  (protoxylem)  and  scalariform 
ti^acheides,  or  less  commonly  vessels ;  the  bast  contains  no  com- 
panion-cells. The  bundles  are  generally  closed  (except  Botrychinm, 
Helminthostachys,  Isoetes) ;  caaline  (except  Isoetes,  Osmnnda, 
Eqaisetinse,  where  they  are  common).  The  relative  arrangement 
of  wood  and  bast  in  the  stele  is  generally  concentric  (see  p.  175)  in 
the  FilicinsB  and  Selaginellaceee,  and  radial  in  the  Lycopodiaceae  : 
or  the  bandies  may  be  conjoint  and  collateral  as  in  Ophioglossace®, 
Isoetaceae,  Osmnndaceae,  Equisetinas.  The  pericycle  is  some- 
times absent  {e.g.  Ophioglossam ;  some  Leptosporangiate  Filicinae, 
in  which  it  is  replaced  by  a  layer  of  the  endodermis). 

The  anatomy  of  the  root  calls  for  no  special  remark,  except  that 
in  the  Eqaisetina^  there  is  no  pericycle,  bat  a  two-layered 
endodermis. 

The  reproductive  organs  are  sporangia,  generally  borne  on  the 
leaves  (t^porophylls)  bat  sometimes  directly  on  the*  stem  (e,g. 
Selaginella).  Each  sporophyll  may  bear  many  spoitingia  on  its 
inferior  (dorsal)  surface,  as  generally  in  the  Filicina9  and  Equise- 
tinaB ;  or  a  single  sporangium  on  its  upper  surface  {e.g.  Lycopodinm, 
Isoetes),  or  in  its  axil  (Selaginella). 

When  the  sporophyll  bears  many  spoi*angia,  they  are  nsnally 
arranged  in  groups ;  each  group  is  termed  a  eortu,  and  the  more 
or  less  well-developed  cushion  of  tissue  from  which  the  sporangia 
spi-ing  is  termed  the  placenta.  The  sorus  may  be  naked ;  or  it  may 
have  a  membranous  covering,  the  indusium  (e.g.  many  Filicinas). 

In  the  FilicinaQ  the  sporophylls  are  not  confined  to  any  special 
portion  of  the  shoot,  so  as  to  constitute  a  flower :  but  in  some 
cases  (e.^.  Osmunda,  OphioglossaceaD,  Marsileacea^)  they  differ  in 
form  and  structure  from  the  foliage- leaves.  In  the  EquisetiniB 
the  sporophylls  are  highly  specialised,  and  are  grouped  into  cones 
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(flowers)  at  the  ends  of  the  fertile  branches :  similar  cone-like 
flowers,  with  less  specialised  sporophjUs,  occar  in  various 
Ljcopodinn. 

The  $porangta  are  nnilocolar,  though  in  Isoetes  thej  are  incom- 
pletelj  chambered  bj  trabecnlsB :  they  are  developed  singly  or  in 
groups  (son) ;  in  the  latter  case  thej  are  usually  distinct,  but  in 
some  cases  they  are  coherent  (MarattiacesB,  except  Angiopteris ; 
Psilotace®)  forming  a  synangium  (see  p.  72)  :  the  synanginm 
should  not,  however,  be  regarded  as  the  result  of  the  cohesion  of 
originally  distinct  sporang^ia,  but  as  a  group  of  sporangia  which 
have  not  separated.  The  sporangium  is  developed  either  from  a 
single  superficial  cell  (leptosporangiate) ;  or  from  a  group  of  super- 
ficial cells  (ewporangiate),  and  sometimes  from  deeper  cells  as 
well  -  the  mother-cells  of  the  spores  are  derived  from  an  arche- 
sporium  which  is  either  a  single  hypodermal  cell  or  a  group  of 
bjpodermal  cells. 

The  tpares  produced  in  the  sporangia,  are  single  cells,  with 
generally  two  coats,  endospore  and  ezospore.  Many  of  the  Pterido- 
phyta  produce  spores  which  are  all  quite  alike,  whence  they  are 
said  to  be  homosporous;  whereas  others  produce  spores  of  two 
kinds,  small  spores  (microspores)  and  large  spores  (macrospores), 
and  are  said  to  be  heterosparaus. 

The  sporangia  of  the  heterosporous  forms  are  distinguished  as 
microsporangxa  and  mokcrosporar^jia  according  te  the  kind  of  spores 
which  they  develope :  and  when  the  sporopbylls  bear  either  only 
microsporangia  or  only  macros porangia  they  are  distinguished  as 
microtporophylls  and  mctcrosperophylU,  The  number  of  macros  pores 
produced  in  the  macrosporangtum  is  generally  small,  though  they 
are  numerous  in  Isoetes  :  thus  there  are  four  in  Selaginella,  only 
one  in  the  Hydroptendesfr. 

The  spores  are  generally  set  free  by  the  dehiscence  of  the 
sporangia :  but  in  Salvinia  the  whole  sporangium  falls  off  and  the 
spores  germinate  within  it. 

B.  The  Gambtophttk.  The  spore,  on  germination,  gives  rise  to 
9k  prothallvum  which  is  the  gametophyte.  It  is  very  small  and  in- 
conspicuous, as  compared  with  the  sporophyte ;  its  body  is,  gener- 
ally speaking,  thalloid ;  there  is  no  vascular  tissue  in  its  structure, 
and  in  many  cases  it  does  not  become  free  from  the  spore.  It 
usually  lives  through  but  one  short  period  of  growth. 

In  any  one  of  the  homosporous  forms,  the  prothaliia  developed 
from  the  spores  are  all  essentially  alike ;  generally  speaking,  any 
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one  prothallium  bears  both  male  and  female  reprodnctive  organs. 
The  morphology  of  the  prothallium  varies  widely  in  these  forma : 
it  may  be  a  branched  cellular  filament  (some  Hymenophyllacee), 
or  a  -flattened  expansion  (Eqaisetinas,  most  Ferns),  containing 
chlorophyll  abundantly ;  or  it  is  tuberous  (OphioglossaceiB,  Lyco- 
podiaceae),  either  wholly  or  in  part  destitute  of  chlorophyll.  It 
becomes  entirely  free  from  the  spore. 

In  the  heterosporous  forms  the  gametophyte  is  represented  by 
two  individuals — a  male  and  a  female  prothallium ;  the  former  is 
the  product  of  the  germination  of  a  microspore,  the  latter  of  the 
germination  of  a  macrospore.  As  compared  with  those  of  the 
homosporous  forms,  the  prothallia  of  the  heterosporous  forms  are 
relatively  small ;  moreover  they  do  not  become  independent  of  the 
spores  from  which  they  are  developed.  The  male  prothallium  is 
reduced  to  little  more  than  a  single  male  organ ;  the  female  pro- 
thallium is  a  small,  usually  green,  cellular  body  projecting  more 
(e.g.  Salvinia)  or  less  {e.g,  Selaginella)  through  the  ruptured  outer 
coat  of  the  macrospore. 

Generally  speaking,  the  symmetry  of  the  prothallium  is  dorsi- 
ventral ;  in  the  free-growing  forms,  the  under  surface  generally 
bears  numerous  unicellular  root-hairs.  In  some  cases  the  pro- 
thallium shows  more  or  less  well-marked  differentiation  into  a 
vegetative  portion  and  a  gametophore  which  may  bear,  either  both 
kinds  of  sexual  organs,  or,  more  commonly,  one  kind  only ;  when 
the  gametophore  bears  only  male  organs  it  is  distinguished  as  an 
antheridiophore ;  when  only  female  organs,  as  an  archeyoniopliore. 
The  distribution  of  the  sexual  organs  on  the  prothallium  varies ; 
they  are  frequently  confined  to  one  surface,  but  are  occasionally 
scattered  over  the  whole  surface.  The  number  of  the  sexual 
organs  on  a  prothallium  is  in  some  cases  only  one,  in  others  it  is 
considerable. 

The  sexual  organs  are  antheridia  (male)  and  archegonia  (female). 
The  structure  of  the  antheridium  is  simple ;  it  consists  of  a  wall, 
a  single  layer  of  cells,  enclosing  the  mother-cells  of  the  spermato- 
zoids.  The  antheridia  are  developed  from  single  superficial  cells 
of  the  prothallium  ;  when  the  prothallium  is  thin,  the  antheridia 
project  on  the  surface ;  when  the  prothallium  is  tuberous,  the 
antheridia  become  sunk  in  the  tissue. 

The  archegonium  consists  of  a  venter  and  a  neck.  As  the  venter 
is,  in  all  cases,  sunk  in  the  tissue  of  the  prothallium,  it  has  no 
proper  wall  of  its  own,  and   is,  in  fact,  simply  a  cavity  in  the 
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tigsae ;  the  short  neck  consists  of  a  single  lajer  of  cells  in  four 
rows.  The  mature  archegonium  contains,  in  the  venter,  the 
female  cell  (oopphere). 

The  archegonium  is  developed  from  a  single  superficial  cell  of 
the  prothalliam.  This  cell  divides  transversely  into  two,  an  upper 
and  a  lower ;  the  former,  by  growth  and  division,  forms  the  neck 
of  the  archegonium ;  the  lower  cell  projects  into  the  developing 
neck,  and  the  projecting  portion  becomes  cnt  off,  constituting  the 
neck-canal-cell  which  sometimes  divides  again  into  two  (Maratti- 
aoee,  Lycopodiam) ;  the  remainder,  now  termed  the  central  cM  oi  the 
archegonium,  divides  transversely  into  two  unequal  parts,  the  upper 
and  smaller  being  the  ventral  canal-cell^  the  lower  and  larger  being 
the  ooephere.  As  the  archegonium  becomes  mature,  the  canal- cells 
become  mucilaginous,  the  neck  opens  by  the  separation  of  the  cells 
at  the  apex,  and  the  archegonium  is  ready  for  fertilisation. 

The  male  cell^  or  spermatozoid^  is  a  naked  motile  cell ;  it  is  a 
spirally  coiled  filament,  pointed  at  the  anterior  end  which  bears 
the  cilia,  becoming  thicker  towards  the  opposite  end ;  the  cilia 
are  numerous  in  Filicin®  (incl.  Isoetes)  and  Equisetime ;  two  in 
LycopodinflB. 

Each  spermatozoid  is  developed  singly  in  a  mother-cell  in  the 
aatheridium  ;  it  consists  of  kinoplasm  with  a  nucleus  (see  p.  116). 
The  whole  of  the  contents  of  the  mother-cell  are  not,  however, 
demoted  to  the  spermatozoid :  a  portion  remains  unused,  and  is 
dischai^ed  together  with  the  spermatozoid,  to  which  it  adheres 
for  a  time  as  a  protoplasmic  vesicle  containing,  amongst  other 
constituents,  a  portion  of  the  nuclear  substance  of  the  mother-cell 
(see  Fig.  266). 

The  female  cell^  or  ooiphere,  is  a  naked  spherical  cell  lying  in  the 
venter  of  tho  archegonium.     Its  development  is  described  above. 

Fertilisation  is  effected  by  the  entrance  of  spermatozoids  into 
the  open  neck  of  the  mature  archegonium,  and  the  subsequent 
fusion  of  one  of  them  with  the  oosphere.  When,  as  is  usually  the 
case,  numerous  prothallia  are  developed  near  together  on  the 
ground,  and  become  wetted  by  mn  or  dew,  the  ripe  antheridia 
burst  and  set  free  the  spermatozoids  which,  swimming  actively  in 
the  water,  are  attracted  to  the  mature  archegonia  by  means  of  an 
acid  excretion  which  is  discharged  from  the  neck  of  the  arche- 
gonium when  it  opens.  The  effect  of  fertilisation  on  the  oosphere 
is  that  it  at  once  surrounds  itself  with  a  cell-wall  becoming  the 
(joipore^  and  then  begins  to  develope  into  the  young  sporophyto. 
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In  a  few  cases  {e.g.  species  of  Trichomanes  and  Ljcopodiam) 
the  gametophyte  (prothallinm)  multiplies  vegetative)/  bj  means 
of  gemmed,  which  are  short  spindle-shaped  rows  of  cells  in  the 
one  case,  and  globular  multicellular  bodies  in  the  other. 

The  lAfe- History  of  the  Pteridophyta  presents  in  all  cases,  a 
perfectly  clear  alternation  of  generations,  the  sporophyte  and  the 
gametophyte  being  completely  distinct.  The  oospore  developes 
into  "  the  plant,"  be  it  Fern,  Equisetnm,  or  Lycopod,  which  bears 
the  sporangia  and  spores,  and  is  the  sporophyte.  The  spores, 
when  shed,  germinate  to  form  the  gametophytes  (prothallia)  bear- 
ing the  sexual  organs. 

In  some  cases  among  the  Ferns,  the  transition  from  the  one 
generation  to  the  other  may  be  affected  without  the  intervention 
of  a  spore  of  any  kind.  Thus  (e.g.  Pteria  crelica,  Aspidium  falca- 
turn,  Todea  africana)^  the  sporophyte  is  developed  from  the  game- 
tophyte without  the  intervention  of  an  oospore ;  there  ai*e  either 
no  archegonia  on  the  prothallium  (Pteris  cretica),  or  if  present 
they  are  sterile ;  the  sporophyte  is  developed  as  a  bud  upon  the 
prothallium  (apogamy,  see  p.  87).  Again,  in  other  species  {Poly- 
slichum  angulare  var.  pulcherrimum,  Athyi-ium  Filix-foomina  var. 
cXarissima),  the  gametophyte  is  developed  from  the  sporophyte 
without  the  intervention  of  the  asexually-prodnced  spores  (apo- 
spory,  see  p.  87)  :  in  the  latter  plant  sporangia  are  developed, 
but  instead  of  producing  spores  they  grow  out  into  prothallia; 
in  the  former  plant  there  is  no  trace  of  any  sporangia,  and  the 
prothallia  are  formed  as  outgrowths  on  the  tips  of  the  leaf- 
pinno9. 

The  Pteridophjta  are  classified  as  follows : — 

Class  V.  FILICIN-^.  The  sporophyte  is  characterised  by 
having  relatively  large  and  few  leaves  ;  the  sporophylls  are  gener- 
ally similar  to  the  foliage- leaves  and  ai-e  not  aggregated  into 
flowers ;  the  sporangia  are  numei*ous  on  the  sporophyll  (except 
Isoetes)  and  are  arranged  in  sori ;  the  archesporium  is  a  single 
cell  (except  Isoetes)  ;  the  embryo  has  a  primary  i-oot  (except 
Isoetes,  Salvinia,  and  possibly  some  species  of  Trichomanes)  bat 
no  suspensor. 

The  characters  of  the  gametophyte  vary  widely.  The  sper- 
matozoids  are  multiciliate. 

Sub-Class  HoMOSPOREA.  The  sporophyte  produces  spores  of  one 
kind  only ;  the  prothallia  are,  as  a  rule,  monoecious,  and  become 
free  from  the  spore. 
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Section  Eusporangiatad.  Each  sporangiam  is  deyeloped  from 
a  groap  of  superficial  cells. 

Order  1.  OphioglossacecB.  Order  2.  MaratticLcecB, 

Section  Leptosporangiatad.  Each  spoi^nginm  is  developed 
from  a  single  superficial  cell.     (Filiccs  in  limited  sense). 

Order  1.  Osmundacetx.  Order  4.  PolypodiacecB, 

„     2.  SchizcBoceoB.  „     5.  Cyatheacece, 

„     3.  OleicheniacecB.  „     6.  HymenophtfllacecB. 

Sab-Class  Heterosporej:.  The  sporophyte-^^pf'odnoes  micro- 
fipores  and  macrospores ;  the  former  give  rise  to'-male,  the  latter 
to  female,  prothallia ;  the  prothallia  do  not  become  free  from  the 
Bpore. 

Section  Eusporang^iataB.  Each  sporangiam  i9de,Yeloped  horn 
a  group  of  superficial  cells. 

Order  1.  Isoetaceos, 

Section  LeptOSporangiataB.  Each  sporangium  is  developed 
from  a  single  superficial  cell.     (Rhizocarpce  or  Hydropterideae). 

Order  1.  Salvmiacece,  Order  2.  Marsileacece. 

Class  VI.  EQUISETIN^.  The  sporophyte  is  characterised  by 
the  well-developed  branched  stem,  with  small  whorled  leaves 
forming  a  sheath  at  each  node ;  the  small  peltate  sporophylls  are 
aggregated  into  a  cone-like  flower  at  the  apex  of  each  fertile  shoot, 
and  bear  a  few  sporangia  on  the  inner  (inferior)  surface;  the 
archesporium  is  a  single  cell;  the  embryo  has  a  primary  root 
and  no  snspensor.  All  the  existing  forms  are  homosporons  and 
ensporangiate. 

The  ganietophyte  is  a  free,  green,  membranous  prothallium, 
generally  dioecious ;  the  spermatozoids  are  multiciliate. 

Order  1.  Equiselacece. 

Class  Vir.  LYC0P0DINJ3.  The  sporophyte  is  characterised 
by  the  well- developed  branched  stem  with  numerous  small  scattered 
leaves ;  the  sporangia  are  borne  singly  either  on  the  upper  surface 
of  a  six>rophyll,  or  on  the  stem ;  the  sporophylls  resemble  the 
foliage-leaves,  but  are  sometimes  aggregated  into  cone-like  flowers ; 
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the  arcbeflporiam  is  mnlticellalar ;  the  embiyo  has  a  snspentor, 
but  no  primarj  root.     All  the  existing  forms  are  eusporangiate. 

The  characters  of  the  gametophjte  vary  widely.  The  sperma- 
tozoids  are  biciliate. 

Sab-Class  Homospork^  :  the  sporophjte  produces  spores  of  one 
kind  only ;  the  prothallia  are  free,  more  or  less  taberons,  mon- 
GBcions. 

Oi*der  1.     Lycopodiaceas.         Order  2.     PsilotacecB. 

Sub-Class  Hetesosporeje  :  the  sporophyte  produces  microspores 
and  macrospores;  the  former  gives  rise  to  male,  the  latter  to 
female,  prothallia;  the  prothallinm  does  not  become  free  from  the 
spore. 

Order  1.     SelaginellacecB, 


The  relations  of  these  various  groups  may  be  simply  expressed 
as  follows : — 

FiLicniJB.  Equisktinjb.         Lycopodxvjb. 

Homosporout  —   Filioes  —  —  — \LeptO' 

UeterotporouM —  Hydropteridett     —  —  —/    tporangiatf. 

^  iMarattiacen      i  IPiilotaoeaB       ]  V-^EutporangiaU. 

HeterosporouM—    IsoetaceaB  —(none  existing)—   SelaginellnoiiB  ) 
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CLASS  V.-FILICINJS, 

The  mataal  relations  of  the  orders  forming  this  class  are  clearly 
expressed  in  the  following  table : — 

Eusporangiatce,  Lepfoffporangi'atcB, 

EomosporecB.  Ophioglossaceas.  Osmandacead. 

MarattiacecQ.  Schizsaaceie. 

Gleicheniaceoe. 
Poljpodiaceeo. 
Gyatbeaceffi. 
Hjmenophjllaoeos. 

SalTiniacead. 
Marsileacesa. 


Eeterotporece,  IsoetacciB. 


A.      HoMOflPOBOUS  EuBPOniNOUTA. 

Order  1.  Ophioglossaces.  This  order  includes  the  three  genera  Ophio- 
{lossQiD,  Botrjchiam,  and  Helminthostachys. 

Spobofhttb.  The  stem  is  a  subterranean  rhizome  (except  in  epiphytic 
Ophioglossams),  which  does  not  branch  at  all  in  Ophioglossnm,  and  bat  little 
in  Botrychiam  and  Helminthostaohys ;  it  is  nsnally  short  and  erect,  but  in 
Helminthostachys  it  is  elongated,  dorsiventral,  and  creeping.  The  rather  thick 
and  fleshy  roots  are  nnbranched  in  Ophioglossum,  bnt  tbey  give  rise  to  ad- 
TeDtitioas  buds ;  they  are  branched  in  Botrychiam  and  Helminthostachys,  and 
prodoee  no  bnds.  The  leaves  are  developed  close  together  at  the  apex  of  the 
rhixome,  and  are  not  oirdnate,  or  only  slightly  so,  in  vernation  ;  their  growth 
is  BO  slow  that  a  leaf  does  not  appear  above  ground  until  the  fifth  year  after  its 
first  development ;  generally,  only  a  single  lesf  appears  above  ground  each  year, 
when  more  are  developed  some  of  them  are  sterile.  The  sporophylls  are  re- 
markable for  their  peculiar  branching  (see  p.  51) ;  they  are  petiolate,  and  the 
petiole  branches  into  two,  the  one  bearing  a  sterile  and  the  other  a  fertile  lamina 
(Fig.  355),  the  fertile  branch  being  situated  on  the  ventral  surface  of  the  sterile ; 
the  sterile  lamina  is  leafy,  whilst  the  fertile  lamina  consists  of  little  more  than 
the  sporangia.  In  Ophioglossum  the  sterile  lamina  is  entire,  and  the  fertile 
lamina  is  spicate  with  two  lateral  rows  of  sporangia ;  in  Botrychiam  the  sterile 
lamina  is  pinnate,  and  the  fertile  lamina  is  bi-pinnate  with  marginal  sporangia; 
in  Helminthostaohys  the  sterile  lamina  is  digitate  pedate,  and  the  fertile  lamina 
is  i^icate  with  the  sporangia  in  pedicellate  clusters.  The  sporangia  are  em- 
bedded in  the  tissue  of  the  sporophyll  in  Ophioglossum,  but  are  free  in  Botry. 
ehiom  and  Helminthostachys :  they  are  not  arranged  in  sori ;  they  are  globose, 
have  no  annnlns,  bnt  dehisce  into  two  equal  valves  by  a  transverse  (Ophio- 
giossnm,  Botrychiam)  or  vertical  (Helminthostachys)  slit;  the  wall  of  the 
iporaogiam  consists  of  several  layers  of  cells ;  the  spores  are  numerous  and 
tetrahedral ;  the  archesporium  is  the  hypodermal  terminal  cell  of  the  axial  row 
of  oeUs  in  the  young  sporangium,  and  is  not  tetrahedral. 

The  sporopby  te  is  eharaoterised  histologically  by  the  absence  of  solerenohyma, 
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point  of  both  stem  and  root. 


and  by  the  sehisostelio  stractare  of  the  stem  with  collateral  vaecnlar  bnndlei; 
the  item  ia  also  gamodesnaio  in  Botryobium  and  Helminthostachjs.  which  tbiu 
resemble  Equitetum  silvaticum  (see  Fig.  116),  whilst  Ophioglossam  resembles 
EquiMeOim  litoraU,    There  is  a  single  three-sided  apical  cell  in  the  growing- 

Ophioglossnm  is  peculiar  in  that  there  is  no 
perieycle  in  the  stele  of  either  stem  or  root; 
and  in  that,  in  some  species  (O.  vuUfotuwi, 
hmtanicum,  etc)  the  stele  of  the  root  has 
two  xylem-bundles,  but  ooly  one  bast-bundle. 
The  collateral  bundled  of  the  stem  of  D  >• 
trychium  and  Helminthostachys  have  rudi- 
mentary cambium,  which  gives  rise  to  a  few 
secondary  xylem-tracheids ;  these  two  genera 
have  also  a  formation  of  superficial  cork  on 
tlie  stem  and  sometimes  on  the  root.  No* 
tiling  is  known  as  to  the  embryogeny  of  the 
sporophyte. 

Oambtophtte.  The  germination  of  the 
spores  has  not  been  observed,  but  the  mature 
protb allium  has  been  described  in  the  case 
of  Ophioglonum  pedunculotum  and  Botryck- 
iwn  Lunaria,  In  both  cases  it  is  tuberous, 
Eubterranean,  destitute  of  chlorophyll,  mo- 
noecious; the  antheridia  are  sunk  in  the 
tissue,  and  the  short  necks  of  the  arohegonia 
project  but  little.  It  apppars  that  the  pro- 
thallium  is  saprophytic,  though  possibly  it 
may  possess  chlorophyll  in  the  early  stages 
of  its  development.  It  is  altogether  un- 
differentiated in  Botryobium.  being  a  some- 
what ovoid  body  not  more  than  half  a  liue 
long,  with  long  scattered  root-hairs,  bearing 
the  antheridia  chiefly  on  its  upper  surfa<'e, 
the  archegonia  chiefly  on  the  lower.  In 
<>phioglo9$um  pedunetU'Hum  it  appears  to  be 
differentiated  into  a  vegetative  and  a  repro- 
ductive portion;  it  consists,  at  first,  of  a 
small  round  tuber  from  which  springs  a 
cylindrical  shoot  which  grows  upward  to  the 
surface  of  the  soil.  When  the  shoot  reaches 
the  surface  it  ceases  to  elongate  and  becomes 
loHed,  assuming  a  green  colour;  it  bears 
antheridia  and  archegonia,  and  is  therefore 
a  gametophore,  as  distiuguished  from  the 
original  tnber  which  bears  no  sexual  organs. 

Ophioglossam  vulgatum  (the  Adder's  tongue)  is  the  British  species  of  this 
genus ;  0.  Iwtitanieum  has,  however,  been  found  in  Guernsey.  The  epiphytic 
species  are  0.  pendulum  and  0.  palmitum,  both  tropical  forms ;  the  latter  has 


Fte.  265.  —  Botrjohium  Lunaria 
(nat.  sise):  id  rooU;  ft  stem;  h$ 
leaf-stalk ;  m  point  where  the  leaf 
branches;  the  sterile  lamioa  (b) 
separating  fh>m  the  fertile  branch 
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palnutelj^lobed  sterile  fronds.  B  ttryehiam  is  represented  in  the  British  Flora 
by  B,  Lttnaria  (the  Moon-wort)  which  occurs  in  hilly  districts.  Helmin- 
tbostochys  indades  the  single  species  H.  Meylanica  which  occurs  in  ihe  Eastern 
tropics. 

Order  2.  Marattiaceae.  This  order  includes  the  genera  Marattia,  Angio- 
pterui,  Kaulfussia,  and  Danna,  none  of  which  are  European,  hut  are  mainly 
tropical. 

SpoBOPHTrx.  In  its  general  morphology  the  sporophyt^  agrees  with  that  of 
the  OphioglossacesB ;  but  the  leaves  are  more  numerous,  much  larger,  compound, 
aodcireinate  in  Tcrnation,  and  each  bears  a  pair  of  stipules.  Branehiog  of  the 
stem  occurs  only  is  Daniea ;  in  Eaulf  ussia  the  stem  is  a  sabterranean,  creeping, 
doni?entral  rhizome.  The  roots  are  somewhat  fleshy,  and  are  much  branched. 
The  apical  growing-point  of  both  root  and  stem  consists  of  a  group  of  a  few  (four 
nrmore)  initial  cells.  The  tporophylls  are  not  differentiated  into  a  sterile  and 
a  fertile  portion,  but  have  the  appearance  of  foliage-leaves.  The  numerous 
sporangia  are  borne  in  sori  on  the  ribs  of  the  under  surface  of  the  sporophyll ; 
in  Angiopteris  the  sporangia  of  a  sorus  are  free,  whilst  in  all  the  other  genera 
they  are  coherent,  forming  a  synangium  (see  p.  72  and  p.  375).  The  sporangia 
are  not  embedded  in  the  placenta;  they  are  generally  sessile,  but  the  synangium 
is  sometimes  (Marattia,  $eeL  Eupodlum)  shortly  stalked ;  they  have  no  an- 
nalas;  they  dehisce  generally  by  a  longitudinal  slit  on  the  inner  side,  but  in 
Dauea  by  a  single  apical  pore;  the  wall  of  the  matare  sporangium  consists  of 
several  layers  of  cells.  The  archesporlum  is  the  terminal  hypodermal  cell  of 
the  aiile  row  of  cells  of  the  young  sporangium.  The  spores  ajfe  numerous,  and 
are  either  tetrahedral  or  radial. 

The  stem  is  polystelic ;  the  arrangement  of  the  phloem-  and  xylem-bundles 
of  stem  and  leaf  is  completely  concentric ;  there  is  no  well-marked  endodermis, 
except  in  Daniea ;  there  is  no  sderenchyma  in  Angiopteris,  and  in  the  other 
/renera  (except  Daniea)  it  is  not  so  well  developed  as  in  the  leptosporangiate 
JPems ;  the  tissues  are  penetrated  by  lysigeqous  gum -passages. 

The  embryology  of  the  sporophyte  is  known  in  Angiopteris  and  Marattia. 
The  oospore  divides  by  a  basal  wall  which  is  transverse  to  the  long  axis  of  the 
arebegoninm ;  octants  aro  then  formed,  as  in  the  leptosporangiate  Ferns ;  from 
the  epibasal  octants  (furthest  from  the  neck  of  the  archegonium)  arise  the 
primary  leaf  (cotyledon)  and  stem ;  from  the  hypobasal  octants  (next  the  neck 
of  the  arehegonium)  arise  the  foot  and  the  primary  root ;  the  cotyledon  grows 
strugbt  upwards  and  penetrates  the  tissue  of  the  prothallium  overlying  it. 

Oavxtophtte.  On  germination  the  spore  gives  rise  to  a  dorsiventral  green 
prothallium,  which  bejcins  as  either  a  plate  or  a  mass  of  cells,  and  only  rarely 
(aoder  abnormal  conditions)  as  a  filament ;  it  grows  by  an  apical  cell,  and  pro- 
daoea  root-hairs  posteriorly.  A  projecting  cushion  of  tissue,  representing  a 
gametophore,  is  developed  on  the  under  surface  in  the  median  line ;  it  produces 
fir«t  antheridia  and  then  archegonia,  so  that,  iu  a  fully-developed  prothallium, 
the  antheridia  are  on  the  posterior  and  the  archegonia  on  the  anterior  portion 
of  the  gametophore;  some  antheridia  are,  however,  also  developed  on  the 
npper  surface  of  the  prothallium ;  the  antheridia  are  completely,  the  arche- 
gonia almost  oompletely,  sunk  in  the  tissue.  The  neck  canal-cell  generally 
divides  transversely  into  two. 
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B.    Hetkbospokoub  Eubpobangutjb. 

Order  3.  Isoetaceas.  This  order  inclndes  the  single  genns  Isoetes  which 
comprises  ahoat  fifty  species  belonging  to  all  parts  of  the  globe.  Some  of  these 
are  terrestrial  (f.  Duriai  and  Hyntrix),  whilst  others  are  either  altogether 
aquatic  (t.g,  J.  laeuttrii^  eehivotporot  etc.),  or  amphibions  {eg.  J.  velatOj 
$etacea,  horyana).  The  British  species  are  7.  lacu$tritt  echinotporat  and 
Hy$trix. 

Isoetes  has,  of  recent  jears,  been  generally  included  among  the  Lycopodios; 
bnt  it  betrays  a  relationship  to  the  Filicinie  in  so  many  features,  such  as  its 
general  habit,  its  embrjogeny,  the  absence  of  any  cone-like  fructification,  the 
form  of  its  spermatozoids,  that  it  appears  to  be  more  natural  to  place  the  plant 
in  that  group. 

Sporoprttb.  The  stem  is  small,  unbranched,  short  and  tuberous,  with 
either  two  or  three  longitudinal  farrows  which  give  it  a  lobed  appearance.  It  is 
closely  covered  with  numerous,  relatively  long  (1-12  in.),  sessile  leaves.  From 
the  farrows  of  the  stem  there  spring  numerous,  dichotomously  branched,  some- 
what fleshy  roots. 

The  growth  in  length  of  the  stem,  which  is  very  slow,  is  effected  by  an  apical 
growing-point  consisting  of  several  initial  cells.  The  growing-point  of  the  root 
consists  of  small-celled  roeristem,  and  presents  a  similar  differentiation  to  that 
of  the  root  of  Dicotyledons  (see  pp.  145  and  154). 

The  leaves  are  either  fertile  or  sterile ;  the  fertile  leaves  each  bear  a  single 
sporangium,  and  are  termed  macrosporophylls  or  microsporophylls  in  accord- 
ance with  the  nature  of  the  sporangium  which  they  severally  bear.  The  order 
of  development  of  the  leaves  in  each  year  is  that  first  of  all  macrosporophylls 
are  produced,  then  microsporophyllR,  and  finally  a  few  sterile  leaves  in  some 
species.  Hence,  when  tlie  development  is  completed,  the  macrosporophylls  are 
external  in  the  rosette,  the  sterile  leaves  (when  present)  internal,  and  the 
microsporophylls  intermediate.  The  sterile  leaves  persist  during  the  winter, 
find  form  a  protection  in  the  next  spring  to  the  young  leaves  deyeloped  inter- 
nally to  them  at  the  growing-pomt. 

The  fertile  leaves,  whether  macro-  or  miero-sporophylls,  consist  of  a  broad, 
sheathing  base,  with  membranous  margins,  which  bears  a  narrow  subulate 
lamina,  flattened  somewhat  on  the  upper  (ventral)  surface.  Close  above  the 
insertion,  on  the  upper  or  inner  surface  of  the  leaf-base,  is  a  pit,  the  fovea,  in 
which  the  single  sporangium  is  situated.  In  some  species  the  margin  of  the 
fovea  is  prolonged  into  a  membrane,  the  velnmt  which  either  partially  {e.g. 
/.  laeustrii),  or  completely  (terrestial  species),  covers  the  sporangium.  This 
structure  appears  to  be  homologous  with  tbe  indttiium  present  in  some  of  tbe 
leptosporangiate  Ferns  (see  p.  891).  Above  the  fovea,  in  the  middle  line, 
is  another  smaller  pit,  the  foveola,  occupied  by  the  somewhat  swollen  base  of 
a  projecting  flattened  membranous  structure,  the  liguU,  which  is  developed 
from  a  single  superficial  cell  of  the  young  foveola,  and  is  relatively  mucb 
larger  in  tbe  quite  young  leaf  than  in  the  adult. 

Tbe  sterile  leaves  are  less  highly  deyeloped  than  the  fertile ;  they  are 
smaller,  especially  as  regards  the  leaf-base.  In  the  terrestrial  species  they  are 
reduced  to  scaly  cataphyllary  leaves  of  a  brown  colour.    The  leaf  grows  for  bat 
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•  veiy  short  time  by  means  of  an  apical  growing  point.  Its  farther  growth  is 
iotercalary  by  means  of  a  zone  of  merismatio  oells  situated  just  above  the 
lisnle.  In  the  sporophylls  the  tissue  below  the  lignle  also  remains  merismatie 
for  a  time,  thos  providing  the  necessary  space  for  the  sporangium. 

The  sporangium  is  developed  from  a  group  of  cells  in  the  fovea.  The 
arehesporium  consists  of  a  layer  of  hypodermal  cells  in  the  young  sporangium. 
In  a  miorosporangium  all  the  arohesporial  cells  grow  and  divide  so  as  to  form 
rows  radiating  from 
the  free  surface  to 
the  attachment  of  the 
BporsDgiam.  Some 
of  these  rows  of  cells 
soon  cease  to  grow, 
and  are  not  sporo- 
fenons.  but  remain 
as  plates  of  tissue, 
termed  trabeeuUB, 
which  imperfectly 
ehamber  the  cavity 
of  the  microsporang- 
ianu  Of  the  remain- 
ing cells,  the  ma- 
jority constitute  the 
Bother-cells  of  the 
microspores  invested, 
towards  the  wall  of 
the  sporangium,  by 
sterile  cells  forming 
the  tapetum.  In  a 
maerosporangium, 
the  fertile  arohespor- 
ial cells  undergo  but 
a  single  division, 
whilst  the  trabeculsB 
tre  formed  as  in  the 
miorosporangium. 
The  Urge  mother- 
eells  of  the  macro- 
spores  are  isolated, 
ndeaeh  is  invested 
:y  a  tapetal  layer, 
^h  spore-mother- 
'jtH  gives  rise,  finally, 
•0  four  spores.  With 
regard  to  the  morph- 

obgy  of  the  sporangium  it  may  be  pointed  out  that  the  segmentation  of  the 
srchesporium  by  the  formation  of  the  trabecule,  which  is  characteristic  of 
Itoetes,  is  probably  to  be  taken  as  indicating  a  tendency  towards  the  develope- 


7ie.  289.'^$09Ut  laeualrU  (after  Laertcen).  A  riant,  Imlf 
nst  sise :  r  diohotomoosly  branched  rooU.  B  Inner  (Teotnil) 
snrfaoe  of  ba«e  of  a  uporophjU :  I  ligule ;  /  fovea.  C  Longi- 
tudinal ■ection  of  base  of  a  sporophyll :  §p  the  sporangium 
in  the  fovea ;  tr  the  trabecal« ;  v  the  velum ;  I  the  ligule.  D 
Transverse  section  of  the  base  of  a  sporophyll :  letters  as  in  C. 
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ment  of  several  dietinet  sporftDgia  in  the  place  of  one,  a  tendeney  whieh  is 
more  clearly  marked  in  the  Marattiacea. 

With  regard  to  the  histology  of  Isoetes,  the  monoetelio  stem  has  a  aolid  oen- 
tral  mass  of  vascular  tissue  formed  by  the  eollateral  bandies  ooming  firom  the 
leaves.  The  wood  consists  of  very  short  retiealated  and  spiral  traebeids  with 
scattered  parenchymatous  cells,  and  is  snrroonded  by  a  layer  of  transparent 
tissne,  consisting  of  shortly  prismatic  cells  with  broad  and  deltoate  pits,  whieh 
represents  the  bast.  From  the  lower  surface  of  the  vaKcalar  mass,  opposite  the 
farrows  of  the  stem,  are  given  off  the  bundles  which  go  to  the  roots. 

The  stem  ondergoes  slow  growth  in  thickness,  effected  by  a  merismatic  Uyer 
situated  externally  to  the  layer  of  prismatic  cells,  and  only  intermpted  by  the 
passage  of  handles  from  the  axial  vascular  cylinder  of  the  stem  to  the  leaves 
and  roots.  The  merismatic  layer  gives  rise  to  tissue  both  internally  and  exter- 
nally. The  internal  tissue  consists  of  vascular  tissae,  and  is  formed  in  relatively 
small  quantity ;  the  external  tissue  is  bulky,  and  consists  of  pareuobymatoos 
cortical  cells.  This  cortical  tissue  is  not  produced  uniformly  all  round,  bat  on 
two  or  three  sides,  according  to  the  species.  It  is  to  this  that  the  lobed  and 
furrowed  appearance  of  the  stem  is  due. 

The  leaves  are  characterised  by  the  presence  of  four  longitodinal  rows  of  laige 
intercellular  air-spaces,  extending  from  one  end  to  the  other  in  the  mesophyll«  and 
by  the  presence  of  a  single  median  vascular  bundle.  In  the  aquatic  speeiee  there 
are  no  stomata  in  the  epidermis ;  the  intercellular  spaces  are  sitnated  deeply 
within  the  tissae,  and  there  are  no  hypodermal  strands  of  sderenohymatous 
tissue.  In  the  amphibious  and  terrestrial  species  there  are  stomata,  the  inter- 
cellular spaces  are  superficial  (immediately  beneath  the  epidermis  in  tenreatiial 
species),  and  there  are  longitadinal  hypodermal  strands  (4-6)  of  solerenohyina- 
tous  tissue  which  give  rigidity  to  the  leaf. 

The  root  has  an  essentially  disroh  stele,  which  becomes,  however,  monaioh 
as  in  Ophioglotmm  vulgatum.  It  is  surrounded  by  a  well-marked  bundle- 
sheath.  The  cortical  tissue  is  clearly  marked,  by  intercellular  spaces,  into  an 
inner  and  an  outer  region. 

Tbe  development  of  the  embryo-sporophyte  begins  with  the  formation  of  the 
baaal  wall,  which  is  obliquely  transverse  to  the  long  axis  of  the  arohegoniom, 
and  divides  the  oospore  into  an  epibasal  and  a  hypobasal  half.  Both  these 
cells  undergo  division  into  two,  by  the  formation  of  a  wall,  the  troHMvene 
wall,  at  right  angles  to  the  basal  wall,  so  that  the  embryo  now  oonaists  ol  four 
quadrant-cells ;  and  this  appears  to  be  generally  followed  by  the  formation  of 
a  vertical  wall,  the  median  wal',  at  right  angles  to  the  two  preceding,  so  that 
the  embryo  comes  to  consist  of  eight  octant-cells.  Owing  to  the  difficulty  of 
distinguishing  the  growing-point  of  the  young  stem,  there  is  still  some  uncer- 
tainty as  to  the  exact  relation  of  tbe  members  of  the  embryo  to  theee  octants, 
but  it  appears  to  be  probably  somewbat  as  follows :  The  first  leaf  (cotytedon) 
arises  from  the  two  upper  epibasal  octants ;  the  growing-point  of  the  stem,  to- 
gether with  the  first  root,  arises  from  the  two  lower  epibasal  octants;  the  four 
hypobaital  octants  give  rise  to  the  large  foot.  If  this  be  so,  then  tbe  first  root, 
springing  as  it  does  from  the  epibasal  half  of  the  embryo,  must  be  regarded,  not 
as  a  true  primary  root,  but  as  an  adventitious  root,  a  view  which  is  supported 
by  the  fact  that  the  origin  of  the  growing-point  of  the  root,  though  not  abso- 


GROUP  m. — ^PTEBIPOPHTTA  :   riLlCI9il ;    BUSPOBAKOUTJE.  387- 

Intelj  exogenous,  is  raperfiouiL    In  this  respect  Isoetes  would  differ  from  the 
oilier  FilieinA. 

The  first  indication  of  the  derelopment  of  the  members  is  the  segmentntion 
of  each  octant  after  the  manner  of  a  tetrahedml  apical  celU  so  that  for  a  short 
period,  stem,  root,  and  leaf  may  be  said  to  grow  by  means  of  an  apical  celL 
By  the  formation  of  perielinal  walls,  'these  cells  are  soon  eonterted  into  a 
merismaiic  tissne. 

"The  growth  of  the  cotyledon  and  of  the  fini  root  is  rapid  ;  that  of  the  stem 
slow  :  the  cotyledon  and  the  first  root  soon  make  their  way  oat  of  the  macro- 
spore,  when  the  former  becomes  green  and  the  latter  carves  into  the  soil :  the 
growing-i>oint  of  the  stem  is  deeply  seated  between  the  bases  of  the  cotyledon 
and  of  the  root.  A  second  leaf  is  early  developed  from  the  growing-point  of 
the  stem  and  is  opposite  to  the  cotyledon  :  these  two  first  leaves  are  smaller  than 
thoee  prodaoed  later,  and  have  only  two  longitudinal  rows  of  air-chambers 
instead  of  four.  The  second  root  is  developed  endogenously  from  a  group  of 
cells  at  the  base  of  the  second  leaf :  it  is  clearly  adventitious. 

Oahbtophttb.  As  Isoetes  is  heterosporons,  the  gametophyte  is  represented 
by  distinct  male  and  female  individuals,  which  remain  connected  with  the  spores 
producing  them. 

The  male  inctividnal  la  developed  from  a  microspore.  The  microepore^which 
has  the  form  of  the  quadrant  of  a  sphere  and  is  consequently  of  the  bilateral  or 
radial  type— undergoes,  on  germination,  division  by  a  transverse  wall,  formed 
near  one  of  its  somewhat  pointed  ends,  into  two  cells,  a  large  and  a  small :  the 
latter  is  the  vegetative  cell,  and  undergoes  no  further  change ;  the  former  is 
the  mother-cell  of  the  male  organ  or  antheridinm.  The  prothallium  here  is  thus 
rmty  much  reduced,  consisting  of  a  single  antheridium  and  of  a  single  purely 
vegetative  cell.  The  antheridium,  developed  by  the  growth  and  division  of  the 
mother-cell,  consists  of  four  peripherjil  cells  forming  the  wall,  and  of  four 
central  cells,  each  of  which  gives  rise  to  a  single  spirally  coiled  multiciliate 
apennatoxoid* 

The  female  individual  is  developed  from  a  macrospore.  The  macrospores  are 
much  larger  than  the  microspores,  and  are  nearly  globular  in  form,  though 
tbey  bdoDg  to  the  tetrahedral  type,  as  can  be  seen  by  the  three  ridges  on 
the  spore  where  it  was  in  contact  with  the  other  three  developed  from  the 
flame  mother-cell.  On  germination,  the  nucleus  of  the  macrospore  undergoes 
repeated  division  ;  this  is  followed  by  free  cell- formation  in  the  apical  region 
(the  pointed  end  where  the  three  ridges  meet)  of  the  microspore,  the  result 
being  the  formation  of  a  small-celled  tissue;  subseqaently  cell-formation 
extends  into  the  basal  portion  of  the  spore,  a  tissue  being  formed  there  cou- 
sisting  of  relatively  large  cells  with  coarsely  granular  contents.  Thus  the 
macrospore  becomes  completely  flUed  with  a  mass  of  cellular  tissue  which  con- 
atttntes  the  female  prothallium :  the  upper  small -celled  tissue  is  the  es!*eutially 
reproductive  portion,  whilst  the  lower  large-celled  tissue  simply  serves  as  a 
depository  of  nutritive  substances. 

The  female  organ,  the  archegonium,  is  developed  from  one  of  the 
soperficial  cells  of  the  small-celled  prothallial  tissne,  after  the  manner  de- 
scribed on  page  377.  It  appears  that  two  or  three  archegonia  are  usually 
formed :  bat  if  none  of  these  primary  archegonia  are  fertilised,  a  small  number 
of  additional  archegonia  may  be  subseqaently  developed. 
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The  arobegoniaare  exposed,  for  the  purpose  of  fertilisation,  by  the  splittiog 
of  the  coats  of  the  macrospore  along  the  three  ridges  already  described :  the 
prothallinm  does  not,  however,  project  from  the  spore,  nor  does  it  become 
green.  After  fertilisation,  the  oospore  developes  into  the  embzyo  as  described 
above :  the  foot  of  the  embzyo  grows  down  into  the  large  eells  of  the  basal  por- 
tion of  the  prothallinm,  absorbs  the  nutritive  substanoes  which  were  stored 
up  in  them,  and  thus  supplies  the  embzyo  with  food  until  such  time  as  its  leates 
and  roots  are  sufficiently  develops  to  enable  it  to  nourish  itself  in  the  usual 
way. 


C.  HOMOSPOROUS  LEPTOSPORANGIATiB  (Filices). 

The  orders  consfitnting  this  group  have  so  mnch  in  common 
that  thej  maj  be  advantageonsl j  considered  all  together. 

Sporopsttb.  The  body  is  differentiated  into  stem,  leaf,  and  root 
(generally) :  the  leaves  are  large  in  proportion  to  the  stem,  and  are 
relatively  few  in  number. 

The  ttem  has  either  radial  or  dorsiventral  symmetry.  In  the 
former  case  it  is  commonly  short  and  straight ;  it  grows  into  the  air 
erect,  or  at  any  degree  between  the  vertical  and  the  horizontal ; 
its  surface  is  generally  completely  covered  by  the  insertions  of  the 
spirally  arranged  leaves,  and  by  adventitious  roots :  it  becomes, 
however,  elongated,  to  a  considerable  height  sometimes,  in  the 
Tree-Fems. 

In  the  latter  case,  the  stem  grows  as  a  rhizome  either  on  or  in 
the  soil,  or  on  the  surface  of  some  tree  upon  which  the  plant  lives 
as  an  epiphyte  :  the  leaves  are  borne  on  its  dorsal  surface,  either 
in  two  rows  {e.g,  species  of  Aneimia  and  Polypodium),  or  in  a 
single  row  (e,g,  Lygodium  palmatum,  Polypodium  Heracleum  and 
P.  quercifolium) :  from  the  lower  (ventral)  surface,  spring  the 
adventitious  roots. 

The  growth  in  length  of  the  stem,  is  effected  by  a  growing-point 
with  a  single  apical  cell  (with  the  occasional  exception  of 
Osmunda) :  the  apical  cell  is,  as  a  rule,  a  three-sided  pyramid 
with  its  spherical  base  at  the  surface :  but  in  Pteris  aquilina  it 
is  usually  a  two-sided  lenticular  cell,  with  its  longer  axis  in  the 
dorso-ventral  plane. 

The  radial  stems  branch  but  little,  least  of  all  when  the  stem 
is  elongated,  as  in  the  Tree-Fems ;  and  such  branching  as  there 
is  appears  to  be  mainly  adventitious,  the  buds  springing  from  the 
bases  of  the  leaves.  In  the  dorsiventral  stems  there  is  normal 
lateral  branchinc^,  which  takes  place  in  the  transverse  plane:  the 
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branches  are  borne  on  the  flanks  of  the  stem,  and  are  frequently 
(e.g,  some  HjmenophyllaceflB)  axillary  in  their  origin. 

The  leaves  are  for  the  most  part  •  foliaofe-leaves,  thongH  scaly 
leaves  are  fonnd  on  the  subterranean  rhizomes  of  Onoclea  StrU' 
thiopleris  and  Osmunda  regalis,  and  in  some  cases  the  sporophylls 
are  more  or  less  differentiated  from  the  sterile  leaves. 

The  foliage-leaves  are  relatively  large,  sometimes  entire  (e.g. 
Scolopendrium),  but  generally  more  or  less  deeply  and  repeatedly 


Kia.  S57.— Son  (f )  of  tbe  mo«t  important  groaps  of  Leptosporangiato  Fern»,  all  seen  from 
beloir.  A  Pinna  of  Trickoman§9  ftnaofum,  one  of  Die  HymenopUyllacese :  r  projecting 
placenta;  •  eporangia;  iindnstam;  at  a  half  of  the  indosinm  is  remoTed.  B  Pinna  of 
Bavallia  (Lencoategia)— at  •  the  one-valved  Indutinm  (<)  is  tamed  back.  C  Part  of  a  leaf  of 
Ptm«  Mimlala:  f  the  sporangia ;  m  the  inverted  margin.  D  Lacinia  of  Nephrodlnm— at 
•  theindnsinm  is  remoTed,  and  at  rthe  sporanaia  also.  B  Lacinia  of  an  Aspleninm— at 
« the  indiMinm  is  tamed  back.  F  Pinna  of  Polypodtum  9ulgar$  with  naked  sori— at  r  the 
sporangia  are  remored.    (All  are  x  3  to  0.) 

pinnately  lobed  or  branched;  sometimes  dichotomously  branched 
(e.g.  Platycerium,  species  of  Schizeea). 

The  leaves  in  all  cases  have  apical  growth  ;  the  growing- point 
has,  in  most  of  the  orders,  a  two-sided  apical  cell,  whilst  in  the 
OsmnndacesB  the  apical  cell  is  tetrahedi*al.  In  Lygodium,  where 
the  leaf  is  a  climbing  organ,  the  apical  growth  is  lon^  continued. 
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The  leaf  arises  from  a  single  superficial  cell  of  the  growing- 
point  of  the  stem.  When  young  it  is  strongly  hyponastic  (see 
p.  60),  so  that,  as  it  elongates  and  branches,  both  the  main  axis 
of  the  leaf  (phyllopodium)  and  the  lateral  branches  become 
inroUed  upon  themselves  like  a  crosier:  in  other  words,  the 
vernation  is  circinate:  as  it  grows  older  the  growth  becomes 
epinastic,  and  thas  the  leaf  becomes  expanded. 
•  In  the  great  majority  of  these  Ferns  the  tfporophylls  are  simply 
foliage-leaves  bearing  sporangia  on  the  dorsal  surface,  bat  in 
certain  cases  they  are  more  or  less  specialised.  Thus,  in  Onodea 
Strutkioptens,  the  sporophylls  are  smaller  than  the  foliage-leaves, 
and  have  narrower  pinn» :  in  the  Hard  Fern,  BUchnum  boreale, 
the  sporophylls  are  longer  and  hare  narrower  pianis  than  the 
foliage-leaves:  in  Osmunda regalts  the  pinned  of  the  upper  branches 
of  the  sporophyll  are  reduced  to  little  more  than  the  midrQ),  the 
pinnules  being  represented  by  ulusters  of  sporangia :  in  Aneimia 
(e.^.  A.  Phyllitidis)  generally  the  lowest  pair  of  pinnsB  of  the 
sporophyll  alone  bear  sporangia;  these  pinnsB  consist  merely  of  the 
nervature  bearing  numerous  sporangia,  and  are  erect  on  much 
elongated  secondary  petioles :  in  Platycerium  alcicome  there  is  a 
carious  instance  of  specialisation;  the  foliage-leaves  ara  broad, 
and  closely  appressed  to  the  substratum,  whereas  the  sporophylls 
are  erect,  narrow,  and  branched. 

The  sporangia  are  but  rarely  borne  on  the  superior  (rentral) 
surface  of  the  sporophyll  (e.^.  Olfertia  cervina) ;  more  commonly 
on  the  margin  (e.j.  Hymenophyllaceas,  Dicksonia,  Davallia)  ;  bat 
as  a  rule,  on  the  dorsal  surface,  either  near  to  the  mai^n  {e.ij. 
Pteris,  Adiantum),  or  distant  from  it  {e.g,  Aspleninra,  Aspidinm, 
etc).  They  ara  usually  developed  in  connexion  with  the  nervature 
of  the  sporophyll,  but  sometimes  also  from  the  intervening  tissue 
of  the  lamina  (Acrosticheas,  such  as  Polybotrya,  Chrysodium)  :  in 
the  former  case  they  occur  in  groups,  tei*med  sori,  which  are 
commonly  isolated,  but  occasionally  {e,g,  Pteris)  a  continuoos 
marginal  sorus  is  formed. 

The  sorus  generally  consists  of  a  large  number  of  sporangia :  in 
the  GleicheuiaceoB,  however,  the  number  is  small  (2-8);  and  in 
some  cases  (e.g.  Lygodium)  there  is  only  a  single  sporangium. 
The  sporangia  of  the-  sorus  ai*e  borne  on  a  projection  of  tissue, 
the  placenta  or  receptacle,  which  presents  various  forms :  it  may 
be  a  slight  rounded  elevation  (e.g.  Aspidium) ;  or  more  elongated 
and  conical  (e.g.  Cyathca,   Hymenophyllum) ;  or  very  long  and 
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filiform,  bearing  sporangia  only  at  its  base  {e.g,  species  of  Tricho- 
maoes)  ;  or  a  ridge  (e.^.  Pteris,  Blechnum). 

The  soms  is  quite  bare  in  many  forms  (GleicheniaceeB ; 
OsmnndacesB ;  Alsophila  among  CyatheacesB  ;  SebizaBacoeB,  except 
Ljgodiom ;  Poljpodien) ;  in  others  it  is  more  or  less  covered  bj  a 
protective  membrane,  the  indusiumy  which  is  an  ontgrowth  of  the 
tissue  of  the  leaf,  generally  of  the  epidermis  alone.  When  it 
springs  from  the  placenta  below  the  sorus  {indusiuminferum)^  it 
is  somewhat  cap-shaped :  in  the  extreme  case  of  Diacalpe 
(Poljpodiacesd)  the  indasium  forms  a  completely  closed  globnlar 
investment  to  the  soros ;  it  is  uroeolate  and  entire  in  Trichomanes 
(Fig.  257  A\  Lygodiam,  Cyathea,  Davallia :  it  is  bilabiate  in  Hy- 
meiiophyllnm ;  two-valved  in  Cibotinm,  Dicksonia;  or  it  consists  of 


ria.  2S9.— A  dehisced  spor- 
uunamof  Jfpidmm  Filis-mat 
(x90)!  a  the  stalk,  with  e 
glaadolarbalrp;  rtheannn- 
lut ;  f  the  •U>aiiain. 


Fio.  269.— Sections  of  young  sporangia;  il  of  a 
Fern  (Mohria),  B  of  Squisetum  ( x  ISO):  w  wall ;  ( tape- 
torn;  atarohesporiomr 


a  single  lateral  valve,  as  in  Hemitelia  and  Cys  to  pteris :  in  Woodsia 
the  calyciform  indnsinm  is  laciniate,  the  lacinise  freqnently  ending 
in  long  hairs.  When  it  springs  from  the  apex  of  the  placenta, 
above  the  sorns  {induaiunt  superum),  the  indasium  has  the  general 
appearance  of  a  peltato  scale,  either  orbicalar  in  oatline  (Aspid- 
iam)  or  reniform  (Nephrodiam,  Fig.  257  D).  When  it  is  developed 
on  one  side  of  the  soros  (indu$ium  laterale),  the  indusiam  is  a  long 
narrow  scale,  attached  along  its  length,  and  overlying  the  sorns 
(e.^.  Aspleninm  [Fig.  257  E],  Blechnam,  Scolopendrinm).  In  some 
cases,  where  the  sori  are  near  the  margin,  they  are  protected  by 
a  false  indnsiara,  which  is  merely  the  incarved  margin  of  the  leaf 
(e.^.  Cheilanthes,  Adiantam,  some  species  of   Pteris).     In  Fterit 
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ciquilina,  and  some  other  species  (section  Omitbopteris),  in 
addition  to  the  false  indasinm,  there  is  also  a  membrane  along  the 
inner  side  of  the  soms,  which  is  a  kind  of  lateral  indnsium, 
adapted  to  protect  a  continaons  marginal  soros. 

In  some  cases  hairs  of  various  form,  termed  paraphyses^  also 
spring  from  the  placenta  among  the  sporangia ;  not  ancommonl j, 
when  the  soras  is  naked,  these  hairs  are  scalj,  often  peltate,  and 


Fi«.  260.— S«olop«ndWvm  vulgart  (Hart's-toogne  Fere).  A  Transrene  section  of  %  M>nEt; 
%  indasinm ;  •  0  sporangi*.  B-t  Bpornngi* ;  B  and  B  seen  eidewaye ;  C  in  front ;  D  from 
the  back ;  F  a  spore.    {Ax SO;  B-B x  145 ;  Fx 640 :  after  Btrasborger.) 

serve  to  protect  the  sporangia  (e,g.  Notochlsena,  Platjceriam,  Pie- 
opeltis,  Hymenolepis,  etc.).     In  some  forms  (e.g,  Aspidium  Filxx- 
mas)  the  stalks  of  the  sporangia  bear  glandular  hairs ;  sometimes 
even  the  sporangia  themselves  (e.g.  Polypodium  erassifolium) . 
With  the  possible  exception  of  the  Osmundacese,  each  sporangium 
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is  developed  from  a  single  superficial  cell.  The  cell  grows  so  as 
to  project  more  or  less :  it  is  then  divided  into  two  cells — an  outer, 
the  mother-cell  of  the  sporangium ;  an  inner,  the  stalk-cell— bj  a 
wall  which  may  be  horizontal  (most  PoljpodiacesB)  or  oblique 
(as  in  HjmenophjllacesB,  Schizseacefle).  As  the  mother-cell  of  the 
sporangium  grows,  it  undergoes  division  by  the  successive  forma- 
tion of  three  oblique  walls,  intersecting  one  another  below  at  an 
angle  of  about  60^,  and  reaching  above  to  the  wall  of  the  mother- 
cell;  at  this  stage  the  sporangium  consists  of  three  latero-basal 
external  cells  surrounding  the  pointed  lower  end  of  a  tetrahedral 
cell,  the  spherical  base  of  which  occupies  the  summit  of  the  spor- 
angium. A  wall  is  now  formed  in  the  tetrahedral  cell,  parallel  to 
its  spherical  free  surface,  and  intersecting  the  three  oblique  walls ; 
so  that  the  sporangium  now  consists  of  four  peripheral  cells,  form- 
ing the  wall,  and  a  central  cell.  From  the  central  cell  are  cut  off, 
by  successive  walls  parallel  to  its  sides,  four  cells  which  give  rise 
to  the  tapeium  by  subsequent  growth  and  radial,  and  sometimes  tan- 
gential, division;  the  remaining  internal  tetrahedral  cell  constitutes 
the  unicellular  archesporium  from  which  the  spores  are  derived. 

As  the  young  sporangium  grows,  it  gradually  assumes  its 
definitive  form  (oval-lenticular,  as  in  Polypodiaceae,  Cyatheacese ; 
discoid,  as  in  Hymenophyllaceae ;  ovoid,  as  in  most  SchizaeacesB ; 
globose,  as  in  Geratopteris  and  Mohria).  The  four  primary  peri- 
pheral cells  undergo  repeated  radial  division,  and  form  the  wall 
of  the  sporangium,  which  ultimately  consists  of  a  single  layer  of 
cells  with  cuticularised  walls :  a  portion  of  the  wall  is  in  all  cases 
developed  to  form  the  ring  or  annulus,  by  means  of  which  the 
dehiscence  of  the  sporangium  is  effected,  the  walls  of  which  are 
specially  thickened  and  cuticularised,  coloured  yellow  or  brown, 
and  are  elastic.  The  form  and  position  of  the  annulus  varies  in 
the  different  groups:  in  the  Polypodiace®  (Fig.  260),  where  the 
sporangium  is  attached  to  the  stalk  by  the  margin,  the  incomplete 
annulus  is  a  projecting  row  of  cells  with  their  longer  axes  trans- 
verse, extending  round  the  margin  in  the  plane  of  the  stalk,  with 
which  it  is  connected  on  one  side,  but  not  quite  reaching  it  on  the 
other;  in  the  CyatheacosB,  in  which  the  form  and  attachment  of  the 
sporangium  is  similar,  the  annulus  is  slightly  inclined  to  the  plane 
of  the  stalk,  and  it  is  quite  complete ;  in  the  Hymenophyllacen 
and  GleicheniacesB,  where  the  discoid  sporangium  is  attached  by 
its  under  surface,  the  annulus  forms  a  complete  ridge  round  the 
margin,  more  or  less  nearly  at  right  angles  to  the  plane  of  attach- 
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ment ;  in  the  Scbizieacefld  the  annnlns  is  a  dome-shaped  group  of 
cells  at  the  apex  of  the  ovoid  spornQgiom. 

As  the  development  proceeds,  the  formation  of  the  spores  takes 
place  in  the  interior  of  the  sporangium.  The  archesporial  cell 
undergoes  repeated  division,  with  the  result  that  usually  sixteen 
cells  are  formed,  which  are  the  mother-cells  of  the  spores.  At 
this  stage  the  tapetal  cells  undergo  disintegration,  so  that  the 
mass  of  spore-mother-cells  floats  freely  in  the  liquid  thus  pro- 
duced. Each  mother-cell  then  undergoes  division  to  form  foar 
spores;  the  planes  of  division  may  be  either  such  that  the 
developing  spores  all  lie  in  one  plane,  when  the  mature  spores  ta-e 
hilatercd  (e.g.  many  Polypodiace»,  as  Aspidinm,  Asplenium,  Ne- 
phrolepis,  Blechnum,  Polypodium,  etc. ;  GrleicheniacesB ;  Schiuea) ; 

or  such  that  the  spores  are  ar- 
ranged in  a  pyramidal  manner, 
when  the  mature  spores  are  tetra- 
hedral  (Hymenophyllaceie ;  Cya- 
theacesB ;  most  SchizaBacese ;  some 
PolypodiacesB,  as  generally  in  the 
PteridesB ;  Osmnndaceas :  see  p. 
126). 

The    sporangium   of    the   Os- 
mundacesB  differs  in  various  re- 
Fio.  i8i.->0MiiMida  regaUa.  A  Fntils     Fpects   from    that    of   the  Other 

pinna  with  n.ked  marginal  «ni<.).  Some  Lepto8pol«angiate  Fems  ;  its  Ori- 

mrsopbyll  is,  howeTor,  developed  at  the  .  ^       '^          ^,                        '     . 

b^M  (net.  eise).  B  A  nngie  sporangiam  gin  from  a  single  Superficial  cell 

( X 200) :  «t  the ehort stalk;  r  theaimaiaa ;  cannot  be  SO  easily  traced,  as  the 

d  the  longitudinal  slit.  ,  ,,    ,  •• 

mother-cell  does  not  project,  and 
the  succession  of  cell-divisions  is  not  regular;  the  archesporial  cell 
is  frequently  not  tetrahodral  in  form,  and  the  resulting  spore- 
mother-cells  are  more  numerous  than  in  the  other  Fems  (as  many 
as  128)  ;  the  sporangium  is  somewhat  pear-shaped,  with  a  rodi- 
mentary  annulus  consisting  of  groups  of  cells  situated  laterally 
towards  the  upper  surface  (Fig.  261). 

The  sporangium  may  be  sessile  (GleicheniacesB,  most  Schiza3ace», 
Hymenophyllacese) ;  or  shortly  stalked  (Lygodium,  Cyatheaceie, 
Osmundaceae) ;  or  it  may  have  a  usually  rather  long  slender  stalk 
consisting  of  two  or  three  longitudinal  rows  of  cells  (Polypodiaceae); 
this  is  dependent  upon  whether  the  originally-formed  stalk-cell 
dev elopes  further  or  not. 

The  spores  are  sot  froe  by  the  dehisconco  of  the  sporangium; 
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this  takes  place  at  a  certain  part  which,  thoogh  different  in  the 
Tarions  forms  of  sporangia,  is  always  closely  connected  with  the 
annnlns  and  is  termed  the  stomtum  (see  Fig.  258) ;  dehiscence 
b^ns  by  a  split  between  (not  throngh)  the  cells  of  the  stominm. 
In  the  PdypodiaceflB  the  plane  of  dehiscence  is  at  right  angles  to 
the  long  axis  of  the  spoitknginm,  and  the  stominm  is  situated  on 
the  maiigin  between  the  end  of  the  annnlns  and  the  stalk ;  in  the 
Cyatheacee,  where  the  stominm  is  included  in  the  annnlns,  the 
plane  of  dehiscence  is  as  in  the  PolypodiacesB ;  in  the  Hymeno* 
phyllacee  and  Gleicheniacen  the  stominm  is  included  in  the  annn- 
lns, and  the  plane  of  dehiscence  is  vertical ;  in  the  Schizceaoeed  the 
»tominm  is  on  the  more  concave  surface,  and  the  dehiscence  is 
lateral  longitudinal;  in  the  Osmnndacee  the  stominm  extends 
from  above  the  annnlns,  over  the  summit  of  the  sporangiam,  and 
it  is  in  this  vertical  plane  that  dehiscence  takes  place, 

A  striking  feature  in  the  general  morphology  of  these  plants  is 
the  presence  on  the  stem  and  the  bases  of  the  leaf- stalks,  espe- 
cially when  yoong,  of  nnmerous  scaly  hairs  (ramenta  or  paltce), 
which  consist  usually  oE  a  single  layer  of  cells,  with  more  or  less 
thickened  brown  walls ;  they  are  of  various  shape,  and  frequently 
have  marginal  glandular  hairs  secreting  tannin  or  mucilage,  the 
latter  generally  in  the  neighbourhood  of  a  growing-point  of  stem 
or  leaf.  Less  commonly,  glandular  hairs  are  developed  on  the 
leaves,  as  in  species  of  Gymnogramme  (Gold  and  Silver  Ferns),  in 
which  the  under  surface  of  the  leaves  is  covered  with  a  yellowish 
dnst,  consisting  of  minute  needles  of  resinous  and  waxy  substances, 
secreted  by  the  hairs.  Boot-hairs  occur  on  subterranean  stems 
and  leaf -stalks. 

A  primary  root  is  developed,  probably  in  all  forms,  but  in  no 
case  does  it  persist  in  the  adult.  In  the  full-grown  plant  all  the 
roots  are  adventitious ;  they  spring  in  great  numbers  from  the 
stem  or  the  leaf-stalks.  The  roots  are  small  and  branched; 
the  branching  is  lateral,  and  the  growing-points  of  the  young 
roots  are  developed  each  from  a  single  cell  of  the  bundle-sheath 
(endodermis),  termed  a  rhixogenic  cell,  situated  opposite  to  a 
zjlem-bnndle  of  the  central  cylinder.  In  most  cases  the  growing- 
point  of  the  root  has  a  single  pyramidal  apical  cell  (see  Fig.  115) 
with  three  flat  sides  and  a  spherical  base  directed  outwards.  But 
in  the  Osmnndaceflo  the  structure  of  the  growing-point  is  not 
constant;  there  may  be  a  single  apical  cell  of  varying  form,  or  a 
groap  of  initial  cells. 
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Adventitious  buds,  Bubserving  vegetative  propagation,  are  com* 
monly  produced ;  they  arise  most  frequently  on  the  subterraneaa 
portions  of  leaf-stalks  (as  in  Fterii  aquilinoj  Agpidium  Filix'mai)^ 
and  sometimes^  as  in  OnocUa  StrtUhiopteris,  the  bud  grows  into 
a  subterranean  stolon  which  eventually  throws  np  at  its  apex  a 
whorl  of  green  leaves,  thus  constituting  a  new  plant;  but  also 
frequently  from  the  lamina,  as  in  Aspltnium  (DipUizium)  ceUidi- 
folium,  A.  hulhiferum^  and  other  species.  The  bud  originates  from 
a  single  epidermal  cell. 

Oefieral  Histology, — The  structure  of  stem,  petiole,  and  root,  is 
characterised  throughout  by  the  presence  of  hypodermal  layers, 
and,  generally,  of  scattered  strands  of  sclerenchymatous  tissue, 
consisting  of  more  or  less  elongated  gronnd-tissne  cells  with  more 
or  less  thickened  brown-oolonred  walls ;  and  by  the  predominance 
of  scalariform  vascular  tissue  in  the  zylem  which  consists,  with 
but  few  exceptions,  of  tracheides. 

The  stem  is,  at  its  first  development,  monostelic,  with  a  single 
axile  stele:  in  some  forms  this  strnctnre  obtains  (with  or  with* 
out  pith)  throughout  the  whole  stem  (e.^.  Hymenophyllaoea, 
Lygodiuni,  Schiznoa,  stolons  of  Nephrolepis)  :  in  the  Osmnndaoe» 
the  stem  is  monostelic  throughout,  the  stele  eventually  consisting 
of  a  ring  of  bundles  enclosing  a  pith :  in  the  other  families  the 
stem  becomes  polystclia 

In  the  monostelic  stem  the  bundles  are  sometimes  conjoint  and 
collateral  {e.g.  Trichoraanes  among  HymenophyllacesB,  Osmun- 
daceo))  :  in  all  other  cases  the  arrangement  of  the  bundles  in  the 
stele  is  concentric,  or,  more  strictly  speaking,  bicollateral,  since 
the  phloem  does  not  quite  completely  surround  the  xylem-buudles. 
The  concentric  steles  are  cauline  and  diarch,  with  usually  an 
endodermis  and  a  pericycle :  in  some  cases,  bowever,  where  the 
stele  is  small  {e.g.  some  species  of  Polypodium)  there  is  no  peri- 
cycle, its  place  being  taken  by  a  layer  of  cells  formed  by  the 
division  of  the  primitive  endodermis  (p.  165)  into  two  layers. 

In  the  polystelic  stem  the  course  of  the  steles  is  such  that  they 
form  a  mesh  work,  each  mesh  corresponding  to  the  insertion  of  a 
leaf :  the  bundles  of  the  leaf  join  those  forming  the  corresponding 
mesh  in  the  stem.  The  form  of  the  mesh  is  determined  by  the 
number  and  insertion  of  the  leaves:  when  the  leaves  are  numeroos 
and  closely  arranged,  the  meshes  are  relatively  short  and  broad; 
when  the  leaves  are  few  and  scattered,  the  meshes  are  long  and 
narrow.     In  dorsiventral   stems,   a  regular    meshwork   is    only 
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present  towai*ds  the  surface  where   the   leaves   are   borne ;    i.e. 
towards  the  dorsal  surface  (see  p.  388). 
In  a  moaostelio  stem,  such  as  that  of  Osmunda,  though  the 


Fia.  MS.— Embryogeny  of  the  uporopbyte  of  Pt^rU  —mdata  ( x  296 :  after  Kienitz-Cerloff)- 
A  In longitadinal  Motion:  B  Iransverse  section,  at  right  angles  to  the  precedinor :  C  older 
embryo  in  long^adinal  section.  The  Tertical  arrows  indicate  the  long  axis  of  the  arche. 
gooinm,  pointing  to  the  neck ;  tbe  horisontal  arrows  indicate  the  longitudinal  axis  of 
tbe  prothaniom.  pointing  to  its  organic  apex.  I-l  Basal  wall;  1I-I[  transverse  wall; 
Ut-UI  median  wall :  r  apical  cell  of  root ;  I  apical  cell  of  cotyledon ;  •  apical  cell  of  stem ; 
/foot. 

handles  are  numerous,  no  such  meshwork  is  formed.     The  bundles 
are  here  common.    A  single  bundle  enters  the  stem  from  each 
leaf,  runs  straight  through  several  in- 
temodes,  and  then  curves  to  join  with 
the  bundle  of  an  older  leaf,  seven  leaves 
intervening  between  the  two. 

Effibryogeny  of  the  Sporophyte,  The 
sporophjte  is  developed  from  the  fertil- 
ised female  cell,  the  oospore :  the  de- 
velopment has  only  been  studied  in 
species  of  Polypodiacese,  and  has  been 
found  to  be  as  follows.  The  oospore  is 
first  of  all  divided  into  two  cells  bj  the 
formation  of  a  wall,  the  basal  wall,  which 
nearly  coincides  with  the  long  axis  of 
the  archegonium  :  a  second  wall  is  then 
formed,  tbe  transverse  tcaU,  at  right 
angles  to  the  preceding,  with  the  result 
that  the  spherical  embryo  now  consists 
of  four  cells  or  quadrants  :  then  a  third 
wall,  the  median  waUf  is  formed  in  a  plane 


Fi6.  283.-^if  diantum  Capilliu- 
V§neri$.  The  prothalliam  (pp) 
seen  from  below  with  young 
Fern  attached  to  it  by  ito  foot ;  h 
its  first  leaf  or  cotyledon;  w'  its 
primary,  w"  secondary,  roots; 
h  root-hairs  of  the  prothallium 
(X  about  3).    (After  Bachp). 
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at  right  angles  to  both  the  preceding  walls,  the  embrjo  now  consist- 
ing of  eight  equal  cells  or  octants.  Of  these  octants,  foor  belong 
to  one  half  of  the  embryo,  which  is  termed  the  epihwal  half  ;  and 
four  to  the  other  half,  the  hypohasal  half :  from  these  octants  the 
primary  organs  of  the  sporophyte  are  developed.  Beginning  with 
the  four  epibasal  octants,  the  two  apical  octants  (i.e.  nearest  to  the 
neck  of  the  archegoninm)  give  rise  to  the  growing- point  of  the  first 
leaf  or  cotyledon:  of  the  two  deeper  (towards  the  venter  of  arche- 
goninm) octants,  the  one  constitutes  the  g^wing-point  of  the 
stem,  whilst  the  other  gives  rise  to  nothing  beyond  possibly  some 

hairs.  Of 
the  four  hy- 
pohasal oc- 
tants, one  of 
the  two  api- 
cal octants 
gives  rise  to 
the  growing- 
point  of  the 
primary  root, 
which  is  dia- 
metric&lly 
opposite  to 
the  growing 
point  of  the 
stem  ;  whilst 
the  other 
gives  rise  to 
no  special 
member :  the 
two  doeper 
hypobasal 

octants  give  rise  to  the  embryonic  absorptive  organ,  the  foot. 
The  gradual  development  of  these  members  is  dependent  upon 
growth  and  corresponding  cell-division,  and  at  an  early  stage 
histological  difPerentiation  into  cortical  and  stelar  tissnes  is 
apparent  in  them.  For  a  time  the  tissue  of  the  venter  of  the 
archegoninm  keeps  pace  by  growth  with  the  increasing  size  of  the 
embryo :  but  eventually  the  primary  root  and  the  cotyledon  become 
free,  and  ultimately  also  the  stem  (Fig.  264).  In  the  meantime  the 
embryo  is  nourished  by  means  of  the  foot  which  has  become  a  mass 


FiO.  264.— SeoCion  of  yoang  plftnt  of  Ptcrif  aqvaHna  itill  attaohed 
lo  the  prothalUam  bj  iU  foott  p  prothalliam;  /foot;  r  primftry  root ; 
•  gromngopointof  prlmmrj  item;  I  primaiy  laaf  or  ootjledon.  (MAff- 
niflad:  after  Hotmeiatar.) 
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of  tissae  filling  the  venter  of  the  archegoninm :  it  absorbs  from  the 
adjacent  cells  the  organic  substances  formed  in  the  prothallinm  hy 
means  of  the  chloroplastids  which  most  of  the  celb  contain.  The 
primary  root  and  the  cotyledon  are  both  small  and  short-lived : 
the  former  is  succeeded  by  the  nnmeroos  adventitions  roots,  the 
latter  by  the  tme  foliage-leaves.  The  foot  is  a  merely  embryonic 
organ:  it  disappears  when  the  young  sporophyte  has  become  firmly 
attached  to  the  substratum,  and  is  capable  of  independently 
absorbing  and  assimilating  food. 

Gametophttb.  The  gametophyte  is  a  prothallinm,  always  con- 
taining chloroplastids,  generally  a  dorsfventi*al,  flattened,  cellalai 
expansion,  or  sometimes  filamentous,  which  is  developed  from  a 
Bpore,  bat  which  becomes  completely  free  from  the  spore  ;  there 
is  frequently  a  more  or  less  marked  differentiation  of  a  sexual 
receptacle,  which  may  attain  the  dignity  of  a  gametophore,  but  is, 
however,  exclusively  female.  In  the  dorsiventral  prothallium  the 
reproductive  organs,  as  also  the  root- hairs,  are  confined  to  the  in- 
ferior (ventral)  surface. 

The  prothallium  is  typically  monoecious  :  the  male  organs,  or 
antheridia,  are  developed  first,  and  are  consequently  situated 
toirards  the  posterior  or  basal  end  of  the  prothallium ;  the  later- 
formed  archegonia  lie  towards  the  anterior  ■  or  apical  end.  It 
sometimes  happens,  however,  that,  owing  to*  imperfect  nutrition, 
the  growth  of  the  prothallium  does  not  proceed  beyond  the  stage 
necessary  for  the  formation  of  the  antheridia,  so  that  exclusively 
male  prothallia  may  be  sometimes  found;  less  commonly,  well- 
nourished  prothallia  fail  to  produce  antheridia,  and  consequently 
ezclnsively  female  prothallia  are  found.  The  practical  result  of 
this  saccessive  formation  of  the  antheridia  and  archegonia  is  that 
bat  few  of  them  can  possibly  mature  at  the  same  time  on  one  and 
the  same  prothallium ;  the  prothallinm  is  in  effect  dichogamous, 
and,  consequently,  cross-fertilisation  is  almost  certainly  ensured. 

The  development  of  the  prothallium  commences  with  the  rupture 
of  the  outer  coat  (exospore)  of  the  germinating  spore,  which  takes 
place  either  along  three  lines  meeting  at  an  angle,  when  the  spore 
is  tetrahedral,  or  by  a  longitudinal  slit  when  the  sporo  is  bilateral, 
the  contents  covered  by  the  inner  coat  (endospore)  being  exposed. 
Most  commonly  this  cell  grows  out  into  a  filament,  cell -divisions 
taking  place  in  the  transverse  plane  only,  so  that  the  prothallinm 
consists  of  a  longitudinal  row  of  cells.  At  length  a  longitudinal 
wall  is  formed  in  the  terminal  cell  of  the  filament ;  cell-division 
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then  proceeds  in  two  planes,  giving  rise  to  a  flattened  plate  of  cells, 
further  growth  being  effected  hy  means  of  a  two-sided  apical  cell. 
After  a  ti^me  the  activity  of  the  apical  cell  ceases,  a  periclinal  wall 
being  formed  in  it;  whatever  f  nrther 
growth  takes  place  is  effected  hy  P 


Fio.  265.— Diftgnim  of  the  protb&l- 
liam  of  A  Leptosporangiate  Fern :  ander 
side  ( X  10).  w  Archegonia ;  an  aiitho- 
ridi&j  h  root-hairs. 


Fio.  SaO.  —  Antheridium  of  Adiani%m, 
CapiMru-YmwiM  (x  650).  p  Prothalliam; 
o  antheridiuxn ;  •  Bpermatozoid ;  b  the 
Tealcle  containing  starch-graina. 


the  marginal  cells.  At  this  stage  the  pi*othallinm  becomes  some- 
what heart-shaped,  the  anterior  depression  indicating  the  position 
of  the  organic  apex.  The  cells  Ijing  anteriorly  in  the  middle  line 
now  begin  to  divide  in  a  plane  parallel  to  the  snrface,  with  the 
result  that  the  pi*othallium  becomes  thickened  in  this  region,  and 

even  tn  all  J  a 
"cushion" 
of  tissne, 
several  lay- 
ers of  cells 
in  thickness, 
is  produced, 
which  pro- 
jects on  the 
lower  (ven- 
tral) sur- 
face,    and 

Fie.  267.— Pol ypodium  wXgar;    il  Yoang  archegoniam,  not  yet         bears     the 
open :  K'  neck-canal-cell ;  JC"  Tentral  canal-cell ;  o  jonng  oosphere. 
B  Mature  arehegonium  open.   ( x  2io :  after  Straebnrger.)  archegonia. 
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The  foregoing  account  refers  especially  to  the  PoljpodiacesB  and 
to  the  Cjatheacees :  it  also  applies  generally  to  the  Schizaeaccee, 
though  here  the  Hctivity  of  the  apical  cell  is  of  shorter  duration, 
lathe  GrleicheniacesB  occasionally,  in  the  Osmandacess  always,  there 
is  no  filamentoas  stage  in  the  development  of  the  prothalliam,  bat 
it  at  once  developes  into  a  plate  or  mass  of  cells.  Moreover,  in 
the  Osmandace®  there  is  an  indication  of  a  differentiation  of  the 
prothalliam  into  shoot  and  root,  since  the  first  septnm  formed  in 
the  germinating  spore  is  transverse,  dividing  a  posterior  cell,  which 
contaios  relatively  few  chloroplastids  and  sometimes  none,  from 
an  anterior  cell  in  which  they  are  nnmerons :  the  posterior  cell 
grows  into  a  simple  hair  which  may  be  regarded  as  representing  a 
root  (see  p.  61),  whilst  the  anterior  cell  divides  to  form  the  shoot 
of  the  prothalliam.  In  the  HymenophyllaceeD  the  prothalliam  is 
comparatively  radimentary  and  presents  remarkable  peculiarities. 
In  Hymenophyllnm,  the  filamentous  stage  is  either  wanting  or  is 
of  very  short  duration :  the  prothalliam  is  irregular  in  form  and 
is  dichotomonsly  branched,  a  rare  occurrence  sometimes  also  pre- 
sented by  old  prothallia  of  Osmunda:  it  bears  groups  of  archegonia 
on  its  under  surface  but  close  to  the  margin,  and  it  may  consist 
throughout  of  a  single  layer  of  cells,  or  of  two  or  three  layers 
where  the  archegonia  ai'e  borne.  These  peculiarities  find  their 
parallel  in  certain  aberrant  forms  among  the  Polypodiace» 
(Vittaria,  Monogramme).  In  Trichomanes,  the  prothallium  is 
characteristically  filamentous,  consisting  of  a  single  much-branched 
row  of  cells,  and  somewhat  resembles  the  protonema  of  Mosses. 
In  some  species  {Trichomanes  incisum  and  sinuoBum),  some  of  the 
lateral  branches  develope  into  flattened  cell-plates,  on  the  margin 
of  which  archegonia  are  borne:  in  others  {e.g.  T.  pyxidiferum) 
there  are  no  such  flattened  expansions,  but  the  cells  of  some  of  the 
branches  divide  so  as  to  form  a  small  solid  cell-mass  which  bears 
archegonia. 

The  gametapJwre,  In  none  of  these  Ferns  is  there  any  special 
organ  developed  to  bear  the  antheridia,  so  that  the  gametophore 
is  always  an  arcfaegoniophore. 

There  are  to  be  observed  in  the  Ferns  (as  is  also  the  case  in  the 
Hepaticse^  all  stages  between  a  mere  receptacle  and  a  fully  developed 
archegoniophore.  The  simplest  case  is,  perhaps,  that  of  Hymeno- 
phyllnm, where  each  mai*gLnal  group  of  archegonia  may  be 
regarded  as  a  receptacle,  though  the  cushion  is  but  slightly 
developed;    in    the   majority    (most   Polypodiaceae,    Cyatheaceao, 

T.8.B.  D  i> 
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GleicheniacesB  generally)  there  is  a  well-developed  cusbion, 
Bitaated  anteriorly  in  the  middle  line,  whilst  in  the  Schizieaces 
it  is  on  one  side ;  in  the  Osmandace®  the  receptacle  is  in  the  form 
of  a  midrib,  projecting  on  the  under  surface,  bearing  a  longitudinal 
series  of  archegonia  on  each  flank.  In  other  cases  there  is  a 
definite  archegoniopbore,  that  is,  the  receptacle  is  borne  on  a  stalk 
which  is  a  ventral  branch  of  the  prothallinm.  Thus,  in  Gymno- 
gramme  leptophylla  (PoljpodiacesB),  the  cushion  on  the  ventral 
surface  of  the  prothallinm  elongates  into  the  soil  and  there  be- 
comes tuberous,  and  it  is  on  the  upper  surface  of  this  tuberous 
archegpniophore  that  the  archegonia  are  produced.  Again,  in 
Aneimia  (SchizaeaceeB),  if  the  first-formed  archegonia  fail  to  be 
fertilised,  the  cushion  has  been  observed  to  grow  out  into  an 
archegoniopbore.  Finally,  the  flattened  or  massive  cellular 
appendages  of  the  filamentous  prothallinm  of  Trichomanes  ineiium 
and  sinuosum  may  be  also  regarded  as  archegoniophores. 

The  antheridia  are  generally  borne  on  the  posterior  portion  of 
the  prothallinm,  scattered  without  any  definite  order.  It  occa- 
sionally happens  that  they  occur  in  the  female  receptacle,  or  even 
on  an  archegoniopbore;  thus,  in  some  Hymenophy  11  urns,  antheridia 
have  been  found  in  the  groups  of  archegonia,  and  they  are  frequently 
developed  on  the  cushion  in  Polypodiaceae  and  SchizaeaceoB ;  they 
are  also  developed  on  the  flat  archegoniophores  of  Triefiomanes 
stnuosum,  and  on  the  archegoniopbore  of  Aneimia. 

The  sexual  organs.  The  aniheridium  is  developed  from  a 
single  superficial  cell.  The  free  surface  of  this  cell  grows  out  into 
a  blunt  protuberance,  which  is  cut  off  by  a  transverse  wall.  The 
projecting  cell  thns  formed  generally  undergoes  division  by  the 
formation  of  a  transverse  wall  near  its  base,  so  that  it  comes  to 
consist  of  two  cells,  the  lower  of  which  is  the  stalk-cell,  the  upper, 
the  antheridial  cell.  The  latter  grows,  becoming  more  or  less 
spherical,  and  undergoes  repeated  cell-divisions  which  result  in 
the  formation  of  a  wall,  consisting  of  a  single  layer  of  cell?, 
surrounding  a  large  central  cell  from  which,  by  further  division, 
the  mother-cells  of  the  spermatozoids  are  formed.  When  mature, 
absorption  of  water  causes  the  rupture  of  the  antheridium ;  the 
mother-cells  of  the  spermatozoids  are  now  set  free,  and  the 
spermatozoids  soon  escape  from  the  mother-cells  as  coiled  ciliated 
filaments,  each  having  usually  attached  to  it  posteriorly  a  vesicle 
of  granular  protoplasm,  the  remains  of  the  contents  of  the  mother- 
cell  (see  Fig.  266) 
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The  archegonium.  The  general  description  given  above  (p.  377) 
of  the  development  and  stractnre  of  the  archegonium,  and  of  the 
process  of  fertilisation,  will  suffice  for  this  group  of  the  Pterido- 
phjta.  It  should,  however,  be  mentioned  that  onlj  a  single  neck- 
canal-cell  is  developed. 

The  root-haxra  retain  in  all  cases  their  typical  unicellular 
structure.  They -arise  as  tubular  outgrowths  from  single  cells, 
having,  at  first,  colourless  walls,  which  eventually  become 
thickened,  and  assume  a  brown  colour ;  the  cavity  of  the  hair  is 
cot  off  by  a  septum  from  that  of  the  cell  from  which  it  springs ; 
their  form  is  most  commonly  elongated  and  cylindrical,  but  some- 
times {e.g.  Hymenophyllaceae)  they  are  short  and  slightly  branched. 
The  development  of  the  root-hairs  begins  at  the  earliest  stage  in 
the  formation  of  the  prothallium.  Generally  speaking,  the  root- 
hairs  are  developed  laterally,  and  as  the  prothallium  assumes  the 
flattened  expanded  form,  the  development  extends  inwards  from 
the  margin,  over  the  inferior  surface,  and  forwards  as  far  as  the 
posterior  part  of  the  cushion ;  but  in  Osmunda,  they  are  chieQy 
developed  along  the  middle  line  of  the  midrib,  between  the  two 
lateral  i-ows  of  archegonia,  and  in  Hymenophyllum  they  are 
developed  in  isolated  groups  near  the  edge. 

The  life  of  the  gametophyto  is,  as  a  rule,  short,  being  limited 
by  the  fertilisation  of  an  archegonium.  If,  however,  fertilisation 
does  not  take  place,  the  prothallium  continues  to  grow  for  several 
months,  or  even  yeara  in  the  case  of  Osmunda. 

The  gametophyte,  in  many  instances,  produces  its  like ;  either 
by  means  of  adventitious  branches,  which  become  isolated  and 
then  develope  into  prothallia ;  or,  by  means  of  gemmee,  which  are 
thtx)wn  off  and  form  prothallia.  Propagation  by  means  of 
adventitious  branches  has  been  occasionally  observed  in  various 
Polypodiaceee  and  Cyatheacess,  more  especially  in  prothallia 
which  have  remained  exclusively  male;  in  Gleicheniaccaa, 
Osmundacece,  and  Schizeeaceas  (Aneimia,  Mohria),  the  formation 
of  these  branches  is  the  rule;  it  is  common  in  Hymenophyllum. 
la  Aneimia  and  Mohria  alone,  the  adventitious  branches  spring 
from  the  the  cushion;  in  the  other  cases  the  branches  are 
generally  developed  each  from  a  single  marginal  cell  of  the  pro- 
thallium. It  has  been  ascertained  in  certain  cases  {e.g.  Cyathea, 
some  Polypodiaccee,  Aneimia)  that  the  prothallia  developed  by 
means  of  these  adventitious  branches  are  exclusively  male.  The 
development  of  these  branches  may,  it  appears,  be  induced  by 
injury  to  the  prothallium. 
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Propagation  by  means  of  genimeD  is  common  in  the  Hjmeno- 
phyllacesB,  but  it  has  also  been  observed  in  certain  Polypodiaceae 
(Vittaria,  Monogramme).  In  Hymenophyllum,  the  gemmae  are 
small  flat  plates  of  cells ;  in  species  of  Trichomanos,  Vittaria,  and 
Monogramme,  they  are  short  spindle-shaped  filaments,  consisting 
of  a  single  row  mt  (6-9)  cells,  borne  on  a  nnicellalar  stalk  or 
sterigma ;  in  Trichomanes,  the  gemma  is  attached  at  its  centre  to 
the  stalk,  so  that  its  long  axis  is  at  right  angles  to  the  stalk;  in 
Vittaria  and  Monogramme,  the  gemma  is  attached  to  the  stalk 
by  one  end.  The  sterigmata  are  developed  either  singly  or  several 
together,  from  a  single  cell  of  the  pi*othallinm ;  and  the  gemmSB 
may  be  borne  singly  or  several  together  on  one  sterigma. 

It  will  have  been  observed  that  the  gametophyte  of  the  homo- 
sporons  leptosporangiate  Ferns  presents,  in  its  development,  its 
root-hairs,  its  propagation  by  adventitioas  shoots  and  gemmae,  re- 
markable and' suggestive  resemblances  to  the  gametophyte  of  the 
Hepaticae.  In  the  general  morphology,  too,  of  the  gametophyte, 
there  are  striking  correspondences  between  the  two  groups :  thus, 
in  both  groups  (with  certain  exceptions  in  both)  thefirat  stage  in 
the  life  of  the  gametophyte  is  a  filnmentons  protonema,  which  is, 
however,  relatively  small  and  short-lived,  except  in  the  Fern  Tri- 
chomanes where  the  gametophyte  does  not  develope  beyond  the 
protonematouff  stage.  The  protonema  in  both  groups  gives  rise  t«> 
a  single  flattened,  expanded  shoot,  the  adnlt  sexual  shoot  of  the 
Hepaticee,  the  prothallium  of  the  Ferns;  this  bears  the  sexual 
organs  either  directly  on  a  receptacle,  or  indirectly  on  a  special 
branch  (gametophore).  The  Fern  Trichomanes  presents,  on  the 
whole,  more  similai-ity  to  the  Mosses  than  to  the  Liverworts  in 
its  more  highly  developed  protonematous  stage  bearing  numerous 
gametophores,  which  may  be  compared  to  the  numerous  adnlt 
sexual  shoots  developed  on  the  Moss-protonema,  though  in  Tricho- 
manes there  is  no  such  development  of  vegetative  organs  as  there 
is  in  the  Moss-shoots. 

Order  1.  HymenophyllaceaB  ;  this  order  contains  the  simplest  forms.  The 
leaf -blade  almost  always  consists  of  a  single  layer  of  cells  ;  the  soros  is  always 
marginal  (Fig.  257  A)  and  indusiate,  the  sporangium  sessile  or  shortly-stalked, 
and  the  annulas  entire  and  horizontal. 

Almost  all  the  species  are  tropical.  Trichomanes  radicaru  and  Hymenophyllum 
Tunbridgeme  and  unilaterale  (or  WiUoni)  alone  occur  in  Britain.  Borne  species 
of  Trichomanes  have  no  true  roots. 

Order  2.  Polypodiacese.  The  annulus  of  the  stalked  sporangium  is  incom- 
plete and  vertical  (Fig.  258  r),  that  is  to  say,  it  is  not  continuous  at  the  base : 
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indosiam  present  or  absent.  Almost  all  oar  native  Ferns  beloiig  to  this  order, 
which  is  exceptionally  rich  in  genera. 

The  following  families  may  be  distingoished,  characterised  by  the  position  of 
the  sonis. 

(a)  DavaUiea,  Soms  marginal,  or  nearly  so ;  inferior  indusinm  cup-sbaped 
in  Eadavallia,  or  one-valved  as  in  Leuoostegia,  etc.  (Fig.  2»7  B).  Includes  the 
large  genns  Davallia  :  no  European  species. 

{b)  Pteridea.  Sori  coaleseent  along  the  margin  of  the  leaf  (Fig.  257  C),  with 
a  gporious  indusium.  Pteris  (Pteridium)  aquilina,  the  Bracken,  has  a  stem 
which  grows  at  some  depth  below  the  surface  of  the  soil,  and  thrown  np  every  year 
a  single  large,  much-sf  graented  leaf  (frond) :  it  has  also  a  true  lateral  indusium. 
Adiantom,  the  Maiden-hair  Fern,  belongs  to  this  group,  as  also  Cheilanthes. 

(c)  AsplenUa.  The  sorus,  which  is  situated  on  the  under  surface  of  the  leaf, 
is  elongated  or  linear,  and  the  lateral  indusium  springs  from  the  vein  to  which  it 
U  attached  (Fig.  257  E).  AspUnium  Rata  muraria,  the  Wall-Bue,  is  not  uncom- 
mon on  walls  and  rocks ;  A,  Triekoinanes  is  also  abundant,  with  simple  pinnate 
leares  and  a  shining  black  rhachis.  Athyriwm  Filix  famina,  the  Lady  Fern,  is 
common  in  damp  woods.  Scolopendrium  vulgare^  the  Hart's-tongue,  with  entire 
leaves,  is  common  in  damp  hedgerows  and  woods.  Blechnum  (Lomaria).  the 
Hard  Fern,  as  also  Ceterach,  may  be  included  here,  though  the  indusium  may 
be  rudimentary  or  absent. 

(d)  Atpidiea.  8orns  on  the  lower  surface  of  the  leaf,  orbicular  in  form  and 
eoTered  by  a  peltate  or  reniform  superior  (Fig.  257  D)  or  inferior  indusium. 
Xephrodium  {La$tr<ea)  Filix  mas^  the  male  Fern,  and  other  species  resembling 
it,  with  a  thick  tnfted  crown  of  leaves,  are  not  rare  in  woods.  Aspidium  is  the 
Shield-Fern:  A,{Poly»tichtnn)  Lomr/iiiMisthellolly-Fern:  Woodsia, Onoclea, and 
Cjstopteris  (Bladder-Fern),  with  an  inferior  iudusium,  also  belong  to  this  group. 

(e)  Polypodua.  The  sorus,  which  is  on  the  under  surface  of  the  leaf,  is 
naked  (Fig.  257  JF^.  In  the  section  Polypodium  the  leaves  are  articulated  to  the 
stem,  so  that  when  they  die  and  fall  oif  they  leave  a  roundish  scar :  the  leaves 
are  nsoally  borne  in  two  tows  on  the  dorsal  surface  of  the  rhizome.  Polypodium 
rulgaref  with  simple  pinnate  leaves,  is  common  on  tree-trunks,  rocks,  etc.  In 
the  section  Phegopteris  the  leaves  are  not  articulated  ta  the  stem,  so  that  when 
they  die,  fragments  of  the  leaf-stalks  remain  attached  to  it :  Cnjptogramme  erispa 
is  the  Parsley-Fern :  Phegopteris  DryopterU  and  polypodioides  are  the  Oak-  and 
Beeeh-Fems. 

(/)  Acrottichea.  The  whole  underside  of  the  leaf  is  covered  with  naked 
eporangia.  To  this  family  belong  a  number  of  tropical  Ferns  of  the  two 
genera  Platycerium  and  Acrostichum  with  its  numerous  sub -genera,  Polybotrya, 
OUersia,  Elaphoglossum,  etc. 

Order  3.  Cyatheacese.  Distinguished  from  the  Polypodiacese  only  by  the 
presence  of  a  cotnplete  annulos. 

The  Tree-Ferns  belong  to  this  family.  Gibotium  and  Dicksoniahave  marginal 
sori  with  two-valved  inferior  indusia :  Cyathea,  Hemitelia,  and  Alsophila  have 
their  sori  on  the  under  surface  of  the  leaf  :  Alsophila  alone  has  no  indusium  ; 
in  Cyathea  it  is  cup-shaped,  and  in  Hemitelia  one-valved. 

Order  4.  Gleicheniacese,  including  the  genus  Gleichenia,  with  a  horizontal 
annulns ;  no  indusium :  all  tropical. 
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Order  5.  Schizaeaceae,  including  the  genera  SchlzflBa,  Aneiraia,  Mohria  and 
Lygodium,  with  a  projecting  apical  annulus  to  the  almost  sessile  sporangium, 
occur  onlj  in  the  tropics.  Lygodium  is  the  most  remarkable  genus  ;  its  pinnate 
leaveit  grow  to  a  great  length,  and  twine  round  supports  by  means  of  their 
midribs  :  it  alone  has  an  indusium,  and  the  sorus  is  usually  unisporangiate. 

Order  6.  Osmundaceae.  The  shortly-stalked  sporangia  have  a  rudimentary 
annulus  consisting  of  a  group  of  cells  (Fig,  261  B  r)  just  below  the  apex ;  tbey 
burst  open  by  a  longitudinal  slit  on  the  side  opposite  to  this. 

Osmunda  regalis,  the  Fem-Boyal,  is  a  not  very  common  but  well-known  Fern. 
Only  the  upper  pinna  of  the  leaves  are  fertile,  and  develope  little  or  no  meso- 
phyll ;  the  sofi  are  marginal,  and  consiBt  of  a  great  number  of  sporangia ;  tbey 
have  no  indusium  (Fig.  261  A  <).  The  only  other  genus  is  Todea,  belougiug 
mainly  to  Australasia. 


D.    HETEROSPOROUS    LEPTOSPORANGIAT^. 
(HydropterideaB  or  Rhizocarpss.) 

This  group  includes  the  four  genera,  Salvinia,  Azolla,  Marsilea, 
Pilularia;  of  these  the  two  former  constitute  the  order  Sal  viniaceee, 
the  two  latter  the  order  Marsileaceee.  They  are  all  more  or  less 
aquatic  in  hahit,  SaWinia  and  Azolla  being  free-floating  fugacious 
plants,  whilst  Marsilea  and  Pilularia  are  perennials  growing  in 
bogs  and  marshes. 

Sporophtte. — The  stem  is  a  hoi-izontal  dorsi ventral  rhizome.  It 
generally  beai-s  foliage-leaves  in  alternating  longitudinal  rows 
(four  rows  in  Salvinia;  two  rows  in  the  other  genera)  on  the 
dorsal  (superior)  surface ;  and  roots  in  one  (Marsileaceae)  or  two 
(Azolla)  longitudinal  rows  on  the  ventral  (inferior)  surface.  In 
Salvinia,  however,  there  are  no  roots,  but  the  stem  bears  in  place 
of  them  two  rows  of  submerged  leaves  on  its  ventral  surface.  The 
lateral  branches,  sometimes  very  numerous,  are  borne  on  the 
flanks. 

In  the  SalviniacesB  the  apical  growing-point  of  the  stem  has  » 
two-sided  apical  cell,  situated  in  the  vertical  plane,  from  which 
lateral  segments  are  cut  off  alternately  right  and  left :  each 
segment  is  divided  by  a  horizontal  wall  into  a  dorsal  and  a  ventral 
half,  and  each  of  these  is  again  divided  by  a  transverse  wall  so  that 
each  segment  gives  rise  to  four  cells:  thus  the  growing-point 
consists  fundamentally  of  eight  longitudinal  rows  of  cells,  four 
belonging  to  the  dorsal,  and  four  to  the  venti^al  region,  of  which 
the  two  uppermost  may  be  designated  the  dorsal  rows,  the  two 
next  the  dorso-latei^l  rows,  the  two  next  the  ventro-lateral  rows, 
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and  the  two  lowent  the  yentral  rows.  In  Salvinia  the  foliage-l«aves 
are  alternately  developed  from  the  dorsal  and  the  dorso-laterai 
cells;  hence  thej  lie  in  four  alternating  longitudinal  rows:  the 
sabmerged  leaves  are  developed  from  the  ventro-lateral  cells  in 
two  rows.  In  Azolla  the  leaves  are  developed  only  from  the  dorso- 
lateral cells,  and  the  roots  from  the  ventral  cells.  In  both  genera 
the  lateral  branches  are  developed  from  the  ventro-lateral  cells. 

In  the  Marsileacee  the  apical  cell  is  totrahedral :  of  the  three 
sides  from  which  segments  are  cut  off,  two  are  dorso-lateral  and 
one  is  ventral :  the  leaves  are  developed  from  the  upper  portions, 
the  branches  from  the  lower  portions,  of  the  dorso-lateral 
segments :  the  roots  are  developed  from  the  ventral  segments. 

The  foliage-leaf  presents  a  oonsiderahle  variety  of  form.  Tn 
Salvinia  it  is  broad  and  flat,  sessile  and  entire,  with  a  well-marked 
midrib :  in  Azolla  the  leaf  is  small  and  two-lobed,  the  lower  lobe 
being  submerged  whilst  the  upper  floats  on  the  surface  of  the 
water:  in  Marsilea  the  leaf  has  a  long  erect  petiole  bearing  a 
paripinnate  bi jugate  compound  lamina  of  four  leaflets:  in  Pilularia 
the  leaf  is  cylindrical  and  erect. 

The  growth  in  length  of  the  leaf  is  effected,  in  Salvinia,  Marsilea, 
and  Pilularia,  by  an  apical  growing-point  having  a  wedge-shaped 
apical  cell:  the  g^wth  in  breadth  of  the  lamina  is  effected, 
in  the  two  former,  by  marginal  growth.  In  Azolla  the  develop- 
ment of  the  leaf  is  effected  altogether  by  marginal  growth. 

Circinate  vernation  obtains  in  the  Marsileacese,  but  not  in  the 
Salviniacee :  in  Salvinia  the  vernation  is  conduplicate,  and  in 
Asolla  the  lamina  is  expanded  from  the  first. 

In  Salvinia  the  leaves  are  borne  in  a  whorl  of  three  at  a  node, 
two  being  a  pair  of  opposite  foliage-leaves,  and  the  third  a 
Bobmerged  leaf :  in  the  other  genera  the  phyllo taxis  is  alternate. 

The  submerged  leaf  of  Salvinia  consists  of  a  number  of  long 
filamentous  branches,  springing  from  a  short  petiole,  and  densely 
covered  with  multicellular  hairs. 

The  sporangia  are  of  *two  kinds,  microsporangia  and 
macrosporangia:  they  are  borne  in  sori  enclosed  in  structures 
termed  sporocarps.  The  morphology  of  the  sporocarp  is,  however, 
altogether  different  in  the  two  orders,  and  the  same  term  ought 
not  to  be  applied  to  both :  it  would  be  well  to  restrict  the  term 
"  sporocarp "  to  the  more  complex  fructifications  of  the 
^larsileaceaB. 

In  the  SalviniaoesB  the  so-called  sporocarp  is  simply  a  sorus  of 
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sporangia,  either  microsporangia  or  macrosporangia,  but  not  both, 
surrounded  by  an  inferior  indusium  (Fig.  268).  In  Salvinia  the 
sori  are  borne  at  the  apices  of  the  basal  branches  of  a  submerged 
leaf,  and  may  be  comparatively  numerous  (4-20)  on  one  leaf :  in 
Azolla  the  sori  are  borne  at  the  apices  of  the  segments  of  the  lower 
(ventral)  submerged  lobe  of  a  leaf,  and  that  leaf  is  always  the 
first   (basal)    leaf  of  a  fertile  branch  which  is   sometimes  less 

vigorously  developed  than  the 
purely  vegetative  branches;  each 
leaf  usually  bears  only  two  sori, 
but  in  A.  nilotica  there  are  four. 
In  Salvinia  the  sori  are  all  of  the 
same  size,  whereas  in  Azolla  the 
sori  containing  microsporangia  are 
considerably  larger  than  those  con- 
taining macrosporangia.  In  both 
genera  the  tip  of  the  fertile  leaf- 
segment  expands  into  a  cellular 
cushion,  the  placenta,  from  the 
superficial  cells  of  which  the  spor- 
angia ai'e  developed :  the  indusium 
is  developed  as  an  annular  out- 
growth from  the  base  of  the  pla- 
centa, becoming  cup-shaped,  and 
eventually  closing  over  the  sorus: 
it  consists  of  two  layers  of  cells 
which,  in  Salvinia,  are  separated 
by  large  air-chambers  and  are  con- 
nected by  longitudinal  cellular 
trabecules.  In  both  genera  the 
microsporangia  of  a  sorus  are  nu- 
merous (about  40  in  Azolla,  more 
in  Salvinia)  :  the  macrosporangial 
sorus- consists,  in  Salvinia,  of  many 
(up  to  25)  macrosporangia,  whereas 
in  Azolla  there  is  but  one.  Both 
kinds  of  sporangia  are  borne  by 
the  same  plant. 

In  the  Marsileaceee  the  sporo- 
carp  consists  of  a  leaf-branch  enclosing  a  number  of  sori,  and 
each  sorus  includes  both  micro-  and  macrosporangia.     In  Alarsilea 


Fig.  268.— J  Apical  portion  of  the 
stem  of  Salvinia  natan$,  seen  obliquely 
from  below  (nat.  size) :  1 1  aerial  leaves ; 
WW  aquatic  leaves,  with  sori,  ••;  fc  ter- 
minal bad  of  the  stem.  B  Longitudinal 
section  through  three  fertile  teeth  of 
an  aquatic  leaf  (x  10),  forming  two 
sori  with  microsporangiis  (a)  one  with 
macrosporangia;  i  indusium.  (After 
Sachs.) 
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the  fertile  leaf-brancbes  spring  from  the  ventral  surface  of  the 
petioles  of  the  foliage-leaves  (compare  Ophioglossaceee),  and  each 
bears  a  sporocarp  at  the  end  of  a  longer  or  shorter  stalk  :  the 
petiole  hears  a  single  fertile  leaf-branch  near  its  base  in  some 
species,  or  two  or  more  adnate  bi*anches  springing  from  the  same 
point ;  or  it  bears  (e.g,  M.  polycarpa)  a  series  of  10-20  branches, 
one  above  the  other,  each  bearing  a  single  sporocarp.  In  Pilalaria 
the  fertile  leaf- branches  appear  to  be  also 
developed  from  the  ventral  surface  of  the 
foliage-leaves :  each  leaf  has  at  its  base  a 
single  almost  sessile  sporocarp. 

The  sporocarp  of  Marsilea  (Fig.  269)  is 
dorsiventral,  somewhat  pod-shaped,  with 
its  dorsal  margin  directed  upwards ;  the 
stalk  is  continued  along  the  dorsal  margin 
as  a  midrib  :  the  sporocarp  may,  in  fact, 
be  regarded  as  being  developed  from  the 
laminar  portion  of  the  leaf-branch.  The 
sporocarp  of  Pilularia  is  globular,  though 
it  is  slightly  pointed  at  the  apex:  it  may 
be  likewise  regarded  as  being  a  leaf- 
branch,  four  (usoally)  leaflets  or  segments 
being  concerned  in  its  construction.  In 
both  genera,  especially  in  Marsilea,  the 
wall  of  the  sporocarp  is  composed  of 
several  layers  of  cells-  with  thick  hard 
walls:  vascular  bundles,  springing  from 
the  stalk,  are  distributed  in  the  wall. 

The  number  of  sori  in  the  sporocarp  of 
Marsilea  varies  from  five  to  twenty-three 
in  the  different  species :  they  are  de- 
veloped in  tubular  cavities,  extending 
from  the  ventral  margin  of  the  sporocarp 
for  some  distance  towards  the  dorsal 
margin,  which  are  disposed  in  two  longi- 
tudinal rows,  one  row  on  each  side  of  the 
middle  line:  when  young,  these  cavities 
are  open  at  the  ventral  margin,  but  the 
apertures  become  closed  as  the  sporocarp  matures :  the  external 
wall  of  each  cavity  developes  into  a  projecting  ridge  of  tissue,  tho 
placenta,  which  bears  the  sorus,  consisting  of  a  single  median  row 


Fio.  269.— stem  of  Marnlta 
Salvatrix  vrith  leaves  (reduced 
one-half)*  K  Terminal  bad; 
b  b  leaves ;  //  sporocarps 
bom^  on  petioles. 
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of  macrosporangia  and  a  doable  row  of  microaporangia  on  each 
iiauk.     The  cavities  are  surrounded  hj  parenchymatous  tissue. 

The  globular  sporocarp  of  Pilularia  contains  four  (sometimes 
two  or  three)  cavities,  extending  longitudinal Ij  from  the  base  to 
the  apex,  enclosed  hy  parenchymatous  tissue.  The  placenta  is  a 
ridge  of  tissue  on  the  external  wall  of  the  cavity,  bearing  the  sorus 
which  consists,  in  its  upper  part,  of  microsporangia,  and  in  its 
lower  of  one  or  more  macrosporangia.  The  cavities  at  first 
communicate  with  the  outer  air  at  the  apex  of  the  sporocarp,  but 
eventually  become  completely  closed. 

In  their  development,  the  sporangia  of  the  Heterosporons 
Leptosporangiatea  resemble  those  of  the  Homosporous  Lepto- 
sporangiatae  (see  p.  392)  in  all  essential  points :  but  no  annulus  is 
developed.  In  each  sporangium  sixteen  spore-mother-cells  are 
developed  from  the  single  tetrahedral  archesporial  cell,  and  each 
of  these  mother-cells  undergoes  division  to  form  four  spores :  but 
whereas  in  the  microsporangia  all  these  sixty-four  spore-rudiments 
develope  into  microspores,  in  the  macrosporangium  only  one 
developes  into  a  macrospore,  the  others  being  abortive. 

The  development  of  the  spores  in  this  group,  is  remarkable  on 
account  of  the  important  part  played  by  the  multinucleate  proto- 
plasmic mass  (epiplasm),  derived  from  the  disorganisation  of  the 
tapetal  cells,  in  which  the  free  spore-mother-cells  are  embedded  at 
the  time  when  the  development  of  the  spores  is  commencing. 
Taking  first  the  Salviniaceea :  the  microaporangium  of  Salvinia 
contains,  when  mature,  a  number  of  microspores  embedded  in  a 
spongy  mass  of  a  substance,  which  gives  some  of  the  reactions  of 
corky  cell-walls  and  is  derived  from  the  protoplasm  of  the 
tapetal  cells  :  in  Azolla  the  microspores  are  likewise  embedded  in 
this  substance,  but  in  more  than  one  group  or  massula  (2-8) 
according  to  the  species.  Each  massula  is  surrounded  by  a 
membrane,  bearing  in  some*  species  a  number  of  anchor-like  hairs, 
the  glochidia  (absent  in  A.  pinnata  and  A,  nilotica) :  membrane 
and  glochidia  are  developed  whilst  the  massula  still  consists  of 
living  protoplasm.  In  Salvinia  the  macrospore  also  is  invested  by 
a  layer  of  this  spongy  substance,  oonstituting  the  epuports  or 
perinium.  This  is  also  the  case  in  Azolla,  but  here  the  perinium 
is  remarkably  developed.  Over  the  rounded  dorsal  surface  of  the 
radial  macrospore,  the  perinium  is  a  thick  membrane,  firm  at  the 
surface,  spongy  .within,  with  warty  projections  bearing  filaments 
of  the  same  substance :  on  the  three  flattened  surfaces  of  tho  ventral 
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aspect  of  the  macros  pore  the  periniam  formB  three  (A.  filicuUndes 
and  C4iroliniana)  or  by  segmentation  nine  (A,  pinnata  and  nilotica) 
large  spongy  masses  which  constitute  the  so-called  floats  of  the 
spore :  at  the  pointed  apex  of  the  spore,  between  these  masses,  the 
periniam  nsnally  terminates  in  a  tuft  of  delicate  filaments. 

In  the  MarsileacesB  the  spores  become  invested  by  a  perininm, 
secreted  by  the  epiplasm,  consisting  of  an  inner  layer  made  up  of 
prisms  placed  with  their  long  axes  perpendicolar  to  the  surface  of 
the  spore,  and  of  an  onter  layer  which  is  homogeneous  in  the 
case  of  the  microspore ;  but  in  the  case  of  the  macrospore  it  is 
stratified,  swells  up  enormously  on  being  wetted,  and  gives  the 
cellulose-reaction. 

In  all  cases  the  spore  has  its  own  proper  coats,  the  exospore 
and  the  endospore,  of  the  usual  constitation.  It  contains  a  mass  of 
granular  protoplasm,  ¥rith  a  nucleus,  and  encloses  numerous 
starch-grains,  oil- drops,  and  proteid  granules. 

The  dtsseminatian  of  the  spores  is  effected  by  somewhat  peculiar 
means.  In  Salvinia  the  spores  remain  enclosed  in  the  sporangia, 
but  the  sporangia  break  ofF  from  their  stalks  and  float  on  the  sur- 
face of  the  water.  In  Azolla  the  indnsium,  as  also  the  wall  of  the 
free  microsporangia,  slowly  decays,  and  the  massnles  of  micro- 
spores  escape ;  but  the  macrospore  remains  covered  in  its  upper 
end  by  the  wall  of  the  sporangium  and  by  the  indusiam :  in  those 
species  in  which  glochidia  are  present,  the  massulsa  become  hooked 
on  to  the  projecting  filaments  of  the  macrospores.  In  the  Mar- 
sileacese  the  hainl  sporocarp  must  first  of  all  be  opened ;  this  is 
effected  by  the  mucilaginous  walls  of  the  internal  tissue  of  the 
mature  sporocarp,  which,  when  the  sporocarp  is  moistened,  absorb 
water  and  swell  up  considerably.  In  Pilularia  the  tension  thus 
prodnced  causes  tlie  wall  of  the  sporocarp  to  split  into  ^-4  valves 
at  the  apex,  and  through  this  opening  the  mucilage  escapes  carry- 
ing with  it  the  spores.  In  Marsilea  there  is  a  well  defined  strand 
of  swelling  tissue  extending  along  the  dorsal  and  ventral  margins  of 
the  sporocarp  and  forming  a  continuous  ring  with  which  is  con- 
nected the  tissue  enclosing  the  chambei-s  containing  the  sori : 
when  water  gains  entrance  to  the  mature  spoixxjarp,  this  tissue 
swells  and,  first  of  all,  causes  the  rupture  of  the  wall  of  the 
sporocarp  along  the  ventral  suture ;  the  ring  continues  to  swell 
and  drags  out  with  it  the  chambers  and  the  contained  sori  till 
they  lie  freely  in  the  water ;  it  is  estimated  that  the  ring  swells 
up  to  about  200  times  its  original  size ;  the  delicate  tissue  sur- 
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rounding  the  sori  soon  becomes  disorganised,  as  also  the  walls  of 
the  sporangia. 

The  root  is  altogether  absent  in  Salvinia ;  in  the  other  genera 
the  primary  root  is  of  but  short  duration,  and  the  root-system 
consists  of  numerous  adventitious  fibrous  rootlets  which  have  an 
apical  growing.point  with  a  tetrahedral  apical  cell.  In  AzoUa 
the  root-cap  is  but  imperfectly  developed,  and  in  A.  caroliniana  it  is 
completely  thrown  off  after  a  time. 

General  Histology.  In  the  Salviniacefe  the  stem  is  monostelic ; 
there  is  an  axial,  closed,  concentric,  vascular  cylinder,  without  any 
pericycle  but  with  a  two-layered  endodermis  of  which  the  outer 
layer  has  the  characteristic  markings  in  the  radial  cell-walls. 

In  the  Marsileaceas  the  stem  is  polystelic  and  gamostelic ;  there 
are  five  steles  which  are  distinct  at  the  growing-point  but  fuse 
further  back  forming  a  hollow  cylinder  enclosing  some  ground- 
tissue  which  looks  like,  but  is  not,  a  pith. 

On  the  whole  the  histology  of  these  plants  generally  resembles 
that  of  the  allied  homosporous  Ferns,  though  in  consequence  of 
their  more  or  less  aquatic  habit  the  intercellular  spaces  of  these 
plants  are  more  conspicuous,  especially  in  Salvinia  and  in  the  root 
of  Pilularia  where  they  form  large  air-chambers. 

AzoUa  presents  a  case  of  symbiosis  which  resembles  that  of 
Anthoceros  (p.  353).  On  the  upper  surface  of  the  dorsal  lobe  of  each 
leaf,  near  the  base,  a  pit  is  formed  which  has  a  narrow  aperture 
and  is  occupied  by  Nostoc-filaraents  (AnabsBna)  amongst  which 
branch  hairs  which  are  developed  from  the  epideiTnal  cells  lining 
the  pit:  these  filaments  also  occur  in  the  macrospoi*angiate 
indusium,  having  entered  before  the  indusium  becomes  closed. 

The  Emhri/ogeny  of  the  Sporophyte,  The  early  divisions  of  the 
oospore  are  essentially  the  same  as  in  the  allied  homosporous  Ferns. 
The  individual  peculiarities  of  subsequent  development  are  briefly 
a,s  follows.  In  Salvinia  the  whole  of  the  hypobasal  half  goes  to 
form  the  foot,  no  primary  root  being  developed ;  of  the  four 
epibasal  octants,  one  gives  rise  to  the  growing.point  of  the  stem, 
and  two  to  that  of  the  first  leaf  or  cotyledon,  and  from  the  basal 
region  of  these  octants  a  transverse  layer  of  cells  is  cut  off  which 
eventually  elongates  forming  a  cylindrical  hypocotyl,  sometimes 
termed  the  caulicle  ;  the  cotyledon  is  termed  the  scutiform  leaf  on 
account  of  its  form  and  mode  of  attachment ;  the  young  stem  first 
produces  one  or  two  isolated  foliage-leaves,  and  then  the  regular 
development  of  the  whorls  of  two  foliage-leaves  and  one  water-leaf 
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(see  p.  407)  begins.  la  the  other  three  genera,  two  of  the  epi- 
basal  octants  give  rise  to  the  first  cotyledon,  one  to  the  growing- 
point  of  the  stem,  and  the  fourth  to  a  second  cotyledon,  so  that 
here  there  are  two  cotyledons :  the  hypobasal  octants  give  rise 
to  foot  and  root  in  the  usual  manner. 

The  Gahetophyte.  As  these  plants  are  heterosporous,  the 
gametophyte  is  represented  by  distinct  male  and  female  indivi- 
doals  :  these  remain  connected  with  the  spores  producing  them. 

The  mcUe  individaal  is  developed  from  a  microspore :  it  consists 
of  a  rudimentary  prothallium  bearing  generally  a  single  male 
organ  (antheridiam),  though  in  Salvinia  there  are  apparently  two 
antheridia. 

In  Salvinia  the  germination  of  the  microspores  takes  place  with- 
in the  microsporangiam ;  the  inner  coat  (endospore)  of  the  spore 
grows  out  as  a  longer  or  shorter  tube  through  the  ruptured  outer 
coat  (exospore),  and  eventually  makes  its  way  through  the  wall  of 
the  sporangium  so  that  its  free  end  is  in  the  water  outside :  a  trans- 
verse wall  is  formed  within  it  which  cuts  o£E  the  apical  portion  of 
the  tube  as  the  fertile  portion  of  the  prothallium 

In  Azolla  the  microspores  germinate  within  the  massnla.  The 
exospore  of  the  tetrahedral  spore  ruptures  along  the  three  edges, 
and  the  endospore  protrudes  as  a  papilla  at  the  apex.  A.  transverse 
wall  is  formed  across  the  base  of  the  papilla,  which  now  becomes 
the  mother-cell  of  the  single  antheridium.  The  spermatozoids 
probably  escape  from  the  massula  on  the  deliquescence  of  its  sub- 
stance. In  the  Marsileacee  the  male  prothallium  is  formed  alto- 
gether within  the  microspore :  the  spore  divides  into  two  cells,  a 
smaller  basal  cell  which  represents  the  vegetative  portion  of  the 
prothallium,  and  a  larger  one  which  is  the  mother-cell  of  the 
antheridium.     In  all  cases  the  prothallium  has  no  chlorophyll. 

The  male  organ,  or  antheridium,  is  developed  from  the  antheridial 
mother-cell  mentioned  above.  It  generally  undergoes  divisions  so 
as  to  form  a  central  cell  surrounded  by  a  single  layer  of  cells  form- 
ing the  wall  of  the  antheridiam.  But  Salvinia  is  peculiar  in  that  the 
central  cell  of  each  antheridium  is  not  completely  surrounded  by  a 
parietal  layer  of  cells,  but  comes  to  the  surface  of  the  antheri- 
dium. The  central  cell  then  undergoes  further  divisions  to  form 
the  mother-cells  of  the  spermatozoids  of  which  there  are  eight  in 
the  Salviniaceee  (four  in  each  antheridium  of  Salvinia)  and  thirty- 
two  in  the  Marsileaceaa. 

The  male  eelUj  or  spermatozoids,  resemble  those  of  the  homo- 
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Rporons  leptosporangiate  Ferns  in  all  essential  featares  of  their  form 
and  development,  as  also  in  their  extrusion  from  the  autheridinm. 
In  the  Marsileaccas,  the  male  prothallinm  is  enclosed  within  the 
microspore  nntil  the  antheridium  is  mature,  when  the  spore-walls 
are  ruptured  by  the  swelling  of  the  cells  of  the  contained  pro- 
thallium,  and  the  spermatozoids  are  set  free. 

The  female  individtial  is  a  small  multicellular  prothallinm  of  a 
green  colour,  and  is  developed  from  a  macrospore  to  which  it  re- 
mains attached.  The  development  of  the  prothallium  begins 
inside  the  macrospore  at  its  pointed  apical  end,  where  there  is 
an  aggregation  of  protoplasm  in  which  the  nucleus  lies.  The 
nucleus  divides,  and  this  is  followed  bj  the  formation  of  a  cell- 
wall  between  the  two  nuclei,  cutting  off  the  apical  portion  of  the 
spore,  as  a  small  cell,  from  the  basal  larger  portion;  this  first 
wall  is  termed  the  diaphragm,  and  it  marks  off  that  portion  of  the 
macrospore  which  gives  rise  to  the  prothallium  from  that  portion 
which  takes  no  part  in  the  process.  The  small  cell  then  under- 
goes repeated  division  to  form  the  prothallium  which  consists,  in 
the  Salviniaceee,  of  several  layers  of  cells  (at  least  in  the  middle 
region),  and  in  the  Marsileacees  of  two  layers  only.  As  the  pro- 
thallium developcs,  the  coats  of  the  macrospore  split  into  three 
valves  at  the  apex,  so  that  now  the  prothallium  is  in  direct  rela- 
tion with  the  exterior.  Whilst  in  the  Marsileacesd  the  prothallinm 
projects  but  little  from  the  spore,  in  the  Salviniaces  (especially 
Salvinia),  where  it  is  larger,  the  greater  part  of  it  is  outside.  In 
Azolla  its  outline  is  that  of  a  rounded  triangle,  projecting  between 
the  lobes  of  the  epispore,  and  throwing  off  the  cap  formed  by  the 
wall  of  the  sporangium  and  the  indusium ;  in  Salvinia  it  is  more 
acutely  triangular,  two  of  the  corners  (anterior)  growing  out  into 
long  wing-like  appendages,  and  breaking  through  the  wall  of  the 
sporangium. 

There  is  no  clear  differentiation  of  an  archegoniophore,  such  as 
occurs  in  some  of  the  homosporous  Leptosporangiataa  (see  p.  401), 
though  there  is  an  indication  of  this  in  Salvinia  where  the  pro- 
thallium projects  somewhat  in  the  median  line,  especially  an- 
teriorly, where  the  archegonia  are  borne. 

No  cell-formation  takes  place  in  the  larger  basal  portion  of  the 
macrospore  below  the  diaphragm,  though  nuclear  division  has 
been  observed  in  Azolla.  This  eventually  becomes  filled  with 
starch  and  other  nutritive  substances  for  the  nutrition  of  the 
embryo. 
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The  female  organ,  or  archegoninra,  differs  in  no  essential  feature 
of  structare  or  development  from  that  of  the  homosporous  lepto- 
sporangiate  Ferns.  In  the  MarsileacesB,  only  a  single  archegoniam 
18  developed ;  it  arises  from  a  cell  in  the  middle  of  the  upper  sur- 
face of  the  prothallinm ;  in  Azolla,  if  the  archegonium  does  not 
become  fertilised,  a  few  more  arche- 
gonia  may  be  subsequently  developed ; 
in  Salvinia,  at  least  three  archegonia 
are  always  formed,  the  first  anteriorly 
in  the  middle  line,  the  second  and 
tbird  one  on  each  side  of  the  first. 
If  none  of  these  become  fertilised, 
the  prothallinm  resumes  its  growth 
both  in  breadth  and  length,  and  a 
second  row  of  archegonia  is  formed 
in  front  of  the  fii'st.  Similarly  a 
third  and  a  fourth  row,  with  an  in 
creased  number  of  archegonia  in  each 
(seven  or  more),  may  be  successively 
produced.  In  Pilularia  also  the  pro- 
thallinm grows  to  a  considerable  size 
if  the  archegonium  is  not  fertilised, 
though  no  more  archegonia  are 
formed. 

The  female  cellj   or   oosphere,   de- 
veloped in   each  archegonium,  does  not  require   any  special  de- 
scription. 

Order  7.  Salviniaceae :  microsporangia  and  macrosporangia  in  distinct 
tori,  each  Boras  being  covered  by  an  indusium  ;  the  spores  are  surrounded  by 
ipongy  mncilage,  forming  an  episporium  or  perinium  round  the  individual 
macrospores,  and  holding  all  the  microspores  together  within  the  sporangium 
(Salvinia)  or  in  several  groups  or  massulsB  (Azolla) ;  the  female  prothallinm  is 
relatively  large  and  bears  several  archegonia. 

Mo  species  of  Azolla  is  European :  Salvinia  natant  oocnrs  in  Southern 
Europe. 

Order  8.  Marsileaceae  :  microsporangia  and  macrosporangia  in  the  same 
torus,  a  number  of  sori  being  enclosed  in  the  specially  modified  sporophyll- 
tegment.  the  whole  forming  a  sporocarp.  Each  spore  is  invested  by  a  mucila- 
ginous prismatic  perinium.  The  female  protliallium  is  relatively  small,  and 
bears  but  a  single  archegonium. 

Pilularia  glohulifera  is  the  one  British  species  belonging  to  this  order.  The 
European  species  of  Marsilea  are  M,  pubetcentt  which  occurs  in  the  Mediter- 
ranean region,  and  M.  quadrifoliatat  in  Central  Europe. 


Fio.  270.— Gametophyte  of  Sal- 
vinia (x  00).  A  Hacrosporangiiiin 
m  with  a  germinated  macrospore  tp 
(dotted  oaUine) ;  pt  female  pro- 
thalliam  projecting  from  the  apex 
of  the  spore;  ar  archegonia.  B  A 
microspore  isolated  from  a  micro- 
sporangium:  «p  ppore;  pt  male 
prothalliam ;  a  antUeridia. 
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CLASS  VI.     EQUISETTN^. 

Thifl  class  inclndes,  among  existing  plants,  only  the  homosporons 
order,  Equisetacesa ;  bat  there  are  many  extinct  fossil  forms,  some 
of  which  are  undoubtedly  heterosporous. 

Order  1.  Equisetaceae.  This  order  includes  the  single  genus  Equisetnm 
(Hontetail).    Of  the  twenty  species  of  this  genus,  about  half  are  British  {E. 

arverue,  maximum,  tilva- 
ticum,  paltutre,  limotum^ 
hyemaU,  trachyodon,  va- 
rUgatum,  pratense,  litor- 
aU). 

The  Spobopbtte.  The 
stem  consists  of  a  horizon- 
tal, subterranean,  much- 
branched  rhizome;  some 
of  the  branches  come  to 
the  surface,  and  are  the 
sab-aerial  shoots.  The 
rhizome  and  its  branches 
are  very  distinctly  seg- 
mented into  nodes  and 
intemodes.  At  each  node 
is  borne  a  whorl  of  scale- 
leayes  forming  a  con- 
tinuous sheath.  The 
branches,  as  also  the  ad- 
ventitious roots,  spring 
from  the  nodes,  a  bad 
being  developed  in  the 
axil  of  each  leaf,  and  an 
adventitious  root  from  the 
base  of  each  bud ;  but  in 
the  sub-aerial  shoots  the 
rudimentary  roots  do  not 
grow  out,  whilst  in  the 
subterranean  shoots  re- 
latively few  of  the  bods 
grow  into  branches.  In 
certain  species  (£.  aroenit^ 
tilvaticum,  maximum,  pa- 
lustre,  etc.)  some  of  the 
subterranean  branches  be- 
come tuberous. 

The    sub-aerial    shoots 


Fio.  271.  Median  longitudinal  section  of  the  apical  por- 
tion of  a  vegetative  shoot  of  BquUttum  arvmtt ;  pv  apical 
growing-point ;  g  bud-rudiment ;  g'-n"*  bCages  in  the  de- 
velopment of  lateral  buds ;  r  r'  developing  adventitaoas 
roots  on  the  buds;  m  central  flrround-tissue  (not  pith); 
v$  developing  (common)  vascular  bundle;  n  nodal 
diaphragms,    (x  26:  after  Strasburger.) 


generally  live  for  one  season  only,  and  are  herbaceous  in  texture,  but  in  some 
species    they    persist    {e.g,  E.  hiemaU,   traehyodon,  variegatum).     They  are 
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generally  green  in  colour,  and  their  surface  is  more  or  less  strongly  ribbed. 
Some  of  these  shoots  are  sterile,  whilst  others  are  fertile,  bearing  the  sporangia. 
In  most  species  the  sterile  and  fertile  shoots  are  alike  (Equiseta  homophyadica), 
but  in  the  four  species  E.  arvunse,  maximum,  iilvaticum,  praUtue  (Equiseta 
heterophyadica)  they  are  more  or  less  widely  different.  Thus  in  E.  arverue 
and  maximum^  the  fertile  shoots  are  developed  early  in  the  spring,  and  are  un- 
branched,  whereas  the  copiously  branched  sterile  shoots  are  not  developed  till 
the  summer ;  moreover  the  fertile  shoots  are  not  green.  In  E,  pratense  the 
diffeiences  between  the  fertile  and  sterile  shoots  is  less  marked,  the  former  bear- 
ing a  few  whorls  of  simple 
branches.  In  E.  tilvaticum 
tbe  fertile  shoot  has  no 
branches  at  first,  but  after 
the  t<bedding  of  the  spores 
the  terminal  cone  dies  off, 
the  shoot  throws  out 
branches,  and  thus  comes 
to  be  a  sterile  shoot.  In 
some  species  the  sub-aorial 
shoots  are  generally  un- 
brauched  (e.g.  E,  hUmale^ 
trachyodcn,  variegatum). 

The  leaves  are  either  ca- 
taphjlls  or  sporophylls.  The 
cataphyllSf  representing  the 
foliage -leaves,  are  borne  in 
whorls  at  the  nodes,  having 
a  common  attachment,  so 
that  they  form  a  leaf-sheath 
at  each  node.  They  are 
Email  and  brown  in  colour. 

The  sporophylls,  like  the 
cataphylls,  are  developed  in 
whorls,  but  owing  to  the 
fact  that  the  internodes 
between  the  whorls  do  not 
elongate,  the  sporophylls 
are  aggregated  into  a  cone- 
like flower  situated  termin- 
ally on  the  shoot  (Fig.  272), 
or  less  commonly  {".g.  E. 
palustre)  on  some  of  the 
lateral  branches.  The  leaf- 
sheath  below  the  cone, 
marking  off  the  reproductive  from  the  vegetative  region  of  the  shoot,  is  peculiar, 
being  generally  very  much  reduced,  and  is  termed  the  ring  (see  p.  79). 

Each  sporophyll  has  a  small  hexagonal  lamina  which  is  inserted  on  the  axis 
of  tbe  cone  by  a  short  stalk  attached  to  the  centre  of  the  inner  surface  of  the 

Y.  S.  B.  £   E 


Fia.  272.— il  Upper  portion  of  a  fertile  branch  of 
Equisctum  palu$tre,  «  Leaf-sheaths,  below  which  tbe 
branches  (r)  spring ;  io  the  uppermost  slerile  she  iih 
(ring) :  a  the  flower ;  •  the  peltate  sporophylls.  B  Trans- 
vente  seciion  of  the  stem  ( x  6) :  c  central  cavity ;  s  the 
va:»cular  bundled  arranged  in  a  circle,  each  having 
a  carinal  cavity,  fc;  /  the  vallecular  cavities;  r  tbe 
ridges.  C  Sporophyll  with  spurangia  (  x  10) :  it  the 
stalk;  tp  tbe  spoiangia.  D  Diagram  of  the  courao 
taki-n  by  the  vascular  bundles  where  two  internoaeit 
meet;  it  the  internodes ;  k  the  node. 
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lamina.    Thas  the  sporophyll  is  peltate.    It  bears  on  its  inner  (dorsal)  surface, 
a  small  number  (5-10)  of  sporangia  arranged  round  the  leaf -stalk. 

The  sporangia  are  somewhat  elongated  in  foim,  and  are  sessile.  The  wall 
of  the  sporangium  consists  of  a  single  layer  of  cells  with  spiral  thickening. 
Dehiscence  takes  place  longitudinally  on  the  side  facing  the  leaf-stalk.  The 
archesporiam  is  usually  a  single  (not  tetrahedral)  cell  from  which  are  derifcd 
the  mother- cells  of  the  spores,  each  of  which  give  rise  to  four  spores. 

The  spores,  which  are  all  of  one  kind,  are  deyeloped  tetrahedrally,  but  are 
nearly  spherical  when  ripe.  Each  spore  has  two  coats,  exine  and  intine,  and 
originally  a  perinium  is  present.  The  perinium,  as  it  developes,  becomes 
irregularly  thickened  in  such  a  way  that,  when  the  thin  portions  are  destroyed, 
the  thickened  portions  remain  as  four  filaments,  the  elaiers,  all  attached  at  one 
point  only  to  the  spore.  These  elaters  are  very  hygroscopic.  When  the  air  is 
dry  they  expand,  and  stand  out  stiffly  from  the  spore  ;  when  moistened,  they 
suddenly  roll  up  spirally  round  the  spore.  The  spores  become  entangled  by 
their  elaters,  so  that  when  set  free  from  the  sporangium  a  number  of  the 
spores  fall  to  the  ground,  and  geiminate  near  together. 

The  roots  are  all  adventitioos,  though  a  short-lived  primary  root  is  developed. 
Tliey  are  developed  at  the  nodes  of  the  rhizome. 

General  Histology.  A  striking  feature  in  the  anatomy  of  the  stem  is  the  pre- 
sence of  large,  mainly  lysigenous,  air-cavities :  thus,  in  some  specie:),  the  rhizome 
has  a  large  central  cavity  in  each  internode  {B,  silvatieum  [Fig.  273  C,  a],  ar- 
vense,  maximvan)\  a  similar  cavity  is  present  in  the  internodes  of  the  aerial 
shoots  of  nearly  all  the  species  (Fig.  273  A^a)\  the  central  cavities  of  successive 
iuternodes  are  shut  off  from  each  other  by  diaphragms  at  the  nodes  (Fig.  271  n) : 
a  series  of  similar  cavities  occurs  always  in  the  cortex,  alternating  with  the  vas- 
cular bundles  internally  and  with  the  surface-ribs  externally,  hence  termed 
valUcuiar  cavities  (Fig.  273  h) ;  finally,  in  connexion  with  each  vascular 
bundle,  there  is  a  large  cavity,  the  earinal  cavity  (Fig.  273  e),  extending,  like 
the  others,  from  one  node  to  another. 

The  growing-point  of  the  stem,  and  of  its  branches,  is  apical,  aud  has  a  tetra- 
hedral apical  cell  (Figs.  112,  113).  The  stem  is,  except  at  first,  schizostelie 
(see  p.  162) ;  the  schizosteles  may  be  either  distinct  (rhizomes  and  aerial  shoots 
of  E.  limosum  and  litorale  [Fig.  273  B]  ;  rhizomes  of  E,  hiemaUt  trachyodout 
and  ramosissimum) ;  or  they  may  fuse  (gamoJesmic,  see  p.  170),  bo  that  the 
endodermis  becomes  continuous,  forming  either  only  a  well-marked  external 
layer  (rhizomes  and  aerial  shoots  of  E,  arvente,  fnaximum,  prateiue^  scirpoidr*^ 
palustre  [Fig.  274  A]  ;  aerial  shoots  of  E.  silvatieum),  or  well-marked  external 
and  internal  layers  (rhizome  of  E.  silvatieum  [Fig.  274  C]  ;  rhizome  and  aerial 
shoot  of  E,  variegatum  ;  aerial  shoots  of  E.  hicmale,  traehyodon,  ramosissimum). 

Each  schizostele  contains  a  single  bundle  which  is  collateral,  dosed  and 
common,  with  very  rudimentary  xylem  consisting  of  the  few  annular  vessels  of 
the  protoxylem  and  of  two  small  groups  of  scalariform  tracheids. 

In  the  aerial  shoots  (except  specialised  fertile  shoots  of  E.  arvense,  etc.)  there 
is  a  considerable  development  of  assiuiilatory  tissue  in  the  cortex,  strands  of 
this  tissue  corresponding  in  position  with  the  furrows  on  the  surface  in  which 
the  stomata  are  developed  ;  whilst  opposite  the  ridges  on  the  surface  there  are 
cortical  strands  of  sclerenohyma.     The  development  of  assimilatoiy  tissue  in 
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UMshoote  snd  branohes  is  oonelated  with  the  absence  of  foliage-leaveB,  the 
fnnetioiis  of  foliage-leaves  having  therefore  to  be  discharged  by  the  shoots  and 
branches.    The  epidermal  cell-walls  are  impregnated  with  silica. 

The  root  grows  in  length  by  means  of  a  tetrahedral  apical  cell ;  in  its  mode 
of  growth,  development  of  root-cap,  etc.,  it  essentially  resembles  that  of  the 
Fetus.  Its  structure  is  rather  peculiar: — the  vascular  cylinder  consists 
(usually)  of  three  wood-bundles  and  three  bast-bundles,  and  is  invested  by  two 
layers  of  sheathing-cells,  the  onter  of  which  h&s  the  characteristic  marks  of  an 
endodermis,  whilst  the  inner  appears  to  be  a  perioyde  and  gives  rise  to  the 
growing-points  of  the  lateral  roots ;  however,  the  inner  layer  is,  as  a  matter  of 
fact,  not  a  pericyole,  but  the  innermost  layex  of  the  cortex,  the  endodermis 


C^'EnC 


Fio.  f73.-~PortlonB  of  trantverse  Bections  of  steins  of  species  of  Eqnisetam,  illastratlng 
Mfaiiottdy  (after  Pfitxer :  x  36).  B  Typical  schizostelic  rhizome  of  £.  Utorola ;  0  achisos- 
telic  gamodesmic  rhisome  of  J?,  tilvafiettm  ;  A  aerial  stem  of  S.  palu»tr«,  in  which  the 
"tmctiue  is  the  eame  aa  in  C,  but  the  markinga  of  the  internal  endodermal  layer  are  not 
dereloped,  eo  that  the  stem  appears  to  be  monostelio ;  a  central  cavity;  b  valleonlar 
caritiet  in  the  cortex ;  o  carinal  cavities  in  the  schlzostelea ;  .Bml.  endodermis. 

bemg  the  last  layer  but  one  of  the  cortex.  Hence  it  appears  that  here,  as  in 
the  Ferns,  the  lateral  roots  spring  from  the  innermost  layer  of  the  cortex. 
There  is  no  pericycle  in  the  root  of  Equisetum. 

Embryogeiiy  of  the  Sporophyte.  The  oospore  is  divided  by  a  transverse  basal 
wall,  and  then  becomes  segmented  into  octants,  as  in  the  FiUcinsd.  Of  the  four 
epibasal  octants,  one  gives  rise  to  the  growing  point  of  the  primary  stem ;  two 
to  the  first  cotyledon ;  and  the  fourth  to  the  second  cotyledon :  the  two  cotyle- 
dons cohere  to  form  a  leaf-sheath  round  the  young  primary  stem.    Of  the  four 
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hypobasal  octants,  one  gives  rise  to  the  growing-point  of  the  primary  root,  and 
two  to  the  foot. 

The  primary  stem  grows  erect,  and  its  leaf- sheaths  are  three-toothed,  the 
three  leaves  corresponding  to  the  three  segments  cat  off  from  the  apical  cell  of 
the  stem ;  it  branches  at  its  base ;  stouter  shoots  with  an  increasing  number  of 
teeth  in  the  leaf-sheaths  are  successively  produced,  and  eventually  a  branch  is 
,  produced  which  becomes  the  perennial  subterranean  rhizome. 

The  Gaketopbtte  is  a  green,  dorsiventral,  lobed  prothallium  which  becomes 
quite  free  from  the  spore.  The  prothallia  are  generally  diosoions,  the  female 
prothallia  being  larger  than  the  male  ;  but  the  distinction  of  sex  is  not  absolute, 
for  the  female  prothallia  may  eventually  bear  male  organs,  and  the  male  pro- 
thallia female  organs ;  it  appears  to  depend  largely  on  conditions  of  nutrition. 

The  germinating  spore  divides  into  two  cells :  one  of  these  contains  no 
chloroplastids,  and  grows  out  into  a  hair  which  represents  a  root  (see  p.  61), 
the  other  contains  chloroplastids,  and  growis  and  divides  to  form  the  first  lobe 
of  the  prothallium,  which  branches  as  its  development  proceeds,  some  of  the 
branches  of  the  female  prothallia  growing  erect.  On  its  under  surface  the 
prothallium  bears  numerous  root-hairs. 

At  first  the  prothallium  consists  throughout  of  a  single  lajer  of  cells ;  in  the 
female  prothallium,  however,  one  of  the  lobes  becomes  thick  and  fleshy,  con- 
sinting  of  several  layers  of , cells  formed  by  repeated  horisontal  cell-division,  and 
this  constitutes  the  archegoniophore. 

The  vuUe  organ^  or  antheridium,  is  developed  from  a  single  cell  of  the  margin 
of  the  male  prothallium :  this  cell  undergoes  repeated  division,  with  the  result 
that  a  wall,  consisting  of  a  single  layer  of  cells,  is  formed  surrounding  a  central 
cell  from  which,  by  subsequent  divisions,  the  numerous  mother-cells  of  the 
male  cells  are  developed  :  the  antheridium  eventually  dehisces  by  the  separa- 
tion of  the  cells  forming  the  roof,  in  consequence  of  the  swelling-up  of  the  con- 
tents of  the  antheridium.  The  male  prothallium  bears  several  antheridia,  one 
being  developed  terminally  on  each  lobe,  and  others  in  succession  on  the  lateral 
margins. 

The  fnale  eell^  or  spermatozoid.  is  larger  than  that  of  any  other  Pteridophyta ; 
it  has  only  two  or  three  coils,  and  bears  a  tuft  of  short  cilia  at  its  anterior 
pointed  end. 

The  female  organs  or  arohegonium,  resembles,  in  all  essential  features  of  its 
structure  and  development,  that  of  the  typical  Filicinie  :  a  distinctive  peculi- 
arity is  afforded  by  the  long  recurved  terminal  cells  of  the  neck,  and  by  the 
relatively  small  neck- canal-cell.  Each  prothalliam  bears  a  number  of  these 
organs :  they  are  developed  each  from  an  anterior  marginal  cell,  aud,  as  the 
prothallium  continues  to  grow,  the  organs  come  to  lie  on  its  upper  surface. 

The  female  cell  is  an  oosphere,  and  calls  for  no  special  remark. 
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CLASS  VIL— LYCOPODlNuE. 
SUB-CLASS  HOMOSPOBE-E. 

Order  1.    Lycopodiacese.    This  order  contains  the  two  genera  Lycopodiam 

and  Pbylloglossnm :  the  former  is  a  large  genns,  six  species  being  British  (L. 

Selago,  inundatum^  annotinwn,  elavatum,  alpinum,  eomplanatum)  and  commonly 

termed  Clnb-mosses :  the  genus  Phylloglossum  has  a  single  species  (P.  Drum- 

mondii)  found  in  Australia  and  New  Zealand. 
The  Spobophytb.    The  ttem.    In  Lycopodium  the  stem  is  slender  and  much 

branched,  erect  (e.g,  L.  Selago)^  or  growing  horizontally  on  the  surface  of  the 

gronnd  (e,g,  L.  elavatum  [Fig.  274]  annotinnm)^  or  beneath  the  surface  as  a 

rhizome  {e.g.  L.  alpinuMt  eomplanatum) :  the  branching  is  in  some  cases  dicho- 

tomons,  in  others 

monopodia! ;     it 

may   take   place 

in  all  directions 

or  in  one  plane 

only  (L.  eomplan- 
atum). 
In  Phylloglos- 

sam    the    stem 

(protoeorm)  is  a 

tnber,  bearing  an 

apical    tuft      of 

leaves:  the  only 

branch      formed 

derelopes  into 
next  year's  tuber. 
The  leaves.  In 
■ome  species  of 
Lycopodiam  all 
the  leayes  are 
aUke  {e.g.  L.  Se- 
loifo) ;  but  in 
most  species,  as 
•l80  in  Phyllo- 
glossum, the  foliage-leaves  and  the  sporophylls  are  more  or  less  widely  different. 
The  foliage-leave$  are  small  and  very  numerous  in  Lycopodium ;  their 
arrangement  is  yarious,  whorled,  or  spiral,  or  in  decussate  opposite  pairs  (L. 
ccmpianatum^  etc.) :  in  the  last  case  there  is  beterophylly,  as  the  decussate 
leaven  on  the  flattened  sterile  shoots  vary  in  size,  those  on  tlie  lateral  margins 
of  the  shoots  being  larger  than  those  on  the  flattened  surfaces.  The  leavefl  are 
K8i>i]e,  simple,  and  have  a  rudimentary  midrib. 

In  Phylloglossum  the  foliage-leaves  are  few  (S-7) ;  they  are  sessile,  simple, 
somewhat  awl-shaped,  and  about  half  an  inch  long. 

The  MporophylU  present  considerable  variety.    In  L.  Selago  and  its  allies  they 
are  qoite  like  the  foliage-leaves ;  in  most  species  of  Lycopodium  (e.g.  L.  tntmdatum. 


Fie.  274.— Portion  of  Lycopodium  aavatum^  somewhat  vrntller 
than  nat.  size :  »,  the  cone-like  flower.  JB  a  eini^le  sporophjU  (b) 
firom  the  cone,  bearing  a  sporangiam  ap,  which  has  dehisced  ( x  10). 
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elavatum^  Phlegmaria,  ete.)  the  clearly  differentiated  sporophylle  are  aggregated 
into  terminal  cone-like  flowers,  and  in  some  cases  the  hranch  hearing  the  cone 
grows  out  into  a  long  peduncle  (L.  clavatum^  complanatum,  etc.). 

Id  Phyllogloesam  the  small  sporophylls  are  aggregated  into  a  cone  home  ter- 
minally on  a  peduncle  which  grows  from  the  apex  of  the  tuber :  the  lower 
sporophylls  only  are  fertile. 

The  tporangia  axe,  in  both  genera,  borne  singly  on  the  upper  snrfaoe  of  the 
sporophylls  near  their  base.  The  archesporium  consists  of  a  single  row  (L. 
SelagOt  Phylloglossum)  or  of  a  few  rows  (I.  elavatum)  of  cells  which,  by  their 
division,  give  rise  to  the  mother-cells  of  the  spores.  The  sporangia  are  unilocnlar, 
somewhat  reniform  in  shape,  and  (in  Lycopodiom)  seated  on  a  short  broad 
stalk :  they  dehisce  by  a  longitudinal  slit. 


prvi 


Fie.  176.— Embryosff^ny  of  Lyeorodivm  c«miftiim  (  x  800 :  after  Trenb).  The  embrjo  Is 
just  emerging  from  the  prothalliam  proth. ;  arcH.  the  neck  of  the  archegoninm  ;  I^I  basal 
wall ;  nup,  sufpensor;  cot.  cotyledon ;  tub.  tuberous  protocorm. 

The  $por^s  are  all  of  one  kind,  and  are  tetrahedral  in  form :  they  have  the 
ordinary  structiure. 

The  roott  are  all  adventitious.  In  the  erect  species  of  Lycopodiom  they 
spring  as  a  tuft  from  the  basal  end  of  the  stem :  in  the  procumbent  species  they 
are  bom  singly  on  the  under  surface  of  the  stem.  The  roots  branch  dichoto- 
monsly  in  altemate  planes.  In  Phylloglossum  the  short  unbranched  roots 
(i-3)  spring  from  the  tuber  just  below  the  insertion  of  the  leaves :  they  are  of 
exogenous  origin. 

General  Histology,  The  growing-point  of  stem  and  root  alike  oonsistF,  in 
Lycopodium,  of  small-oelled  meristem,  no  apical  cell  being  present.    Both 
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stem  and  root  have  an  axial  vascular  cylinder  consisting  of  alternating  bandies 
of  wood  and  of  bast  arranged  radially :  thus  the  stem  is  monostelic,  and  its  struc- 
ture only  differs  from  that  of  the  stouter  roots  in  respect  of  the  larger  number 
of  bundles  present :  in  smaller  roots  there  is  only  one  wood-  and  one  bast-bundle. 
In  the  stem  the  bundles  frequently  anastomose,  more  especially  in  the  erect- 
growing  species,  so  that  transverse  sections  taken  at  different  levels  present 
diTerse  pictures.  The  wood-bundles  consist  of  scalariform  traoheids,  with  the 
exception  of  the  protoxylem.  Neither  stem  nor  root  grows  in  thickness.  In 
both  stem  and  root  there  ia  an  endodermis,  the  cells  of  which  have  the  charac- 
teristic marking 
when  young  but 
erentaally  be- 
come thick-wall- 
ed and  corky :  the 
endodermis  does 
not,  however,  ap- 
pear to  be  the 
innermost  layer 
oftheeortex;  be- 
tween it  and  the 
Tascalar  bundles 
is  what  appears 
to  be  a  pericyde, 
oonsisting  of  two 
or  three  or  more 
lajers  of  cells, 
bnt  this  apparent 
perieycle  is  really 
the  innermost  re- 
gion of  the  cor* 
tex.  The  adven- 
titious roots  are 
developed  from 
the  pseodo-peri- 
e.vde  of  the  stem. 
The  leaves  of  Ly^ 
copodiom  are  of 
verysimple  struc- 
ture; they  usually 
hsTe  stomata  on 
both  surfaces. 

In  Phylloglossum,  likewise,  the  growing-point  of  both  stem  and  root  has  no 
apical  cell  The  tuber  consists  wholly  of  parenchymatous  tissue.  In  each  leaf 
and  root  there  is  a  single  bundle :  these  bundles  anastomose  at  the  point  of 
origin  of  these  members  :  when  there  is  a  sporangiferous  shoot  it  contains  aiL 
axial  strand  of  vascular  tissue  connected  at  the  base  with  those  of  the  roots  and 
leaTes.    The  bundles  are  rudimentary  and  ill-defined. 

Embryogeny  of  tlu  Sporophyte,     The  early  stages  have  only  been  observed  in 


Fio.  276.— Bmbryogeny  of  Lycopodium  inundatam  (x  42:  alter 
Goebel):  proth.  prothallium ;  proth.  tub,  tut>emu8  portioo  of  tha 
protballiam ;  arch,  arobegoaiam;  emb.  tub.  tuberous  prolocorm  of 
the  embryo ;  eot.  cotyledon;  $t.  secoud  leaf,  at  tbe  base  of  which  ia 
the  growing-point  ot  the  stem. 
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L,  Phlegmaria,  where  the  oospore  is  diyided  by  a  trftnsTerse  basal  wall,  the  eell 
next  to  the  neck  of  the  arcbegoninm  being  the  hjpobasal  cell,  and  the  lower  cell 
the  epibasal.  The  hypobasal  cell  developes  into  a  short,  oylindrical,  usually 
unicellular,  suspensor.  The  somewhat  hemispherical  epibasal  cell  becomes  seg- 
mented into  four  octants  by  two  walls  at  right  angles  to  each  other  and  to  the 
basal  wall,  and  then  the  octants  are  divided  transTersely,  by  a  wall  at  right  angles 
to  the  two  preceding,  into  two  tiers  or  stages  of  four  cells  each.  Of  these  two 
tiers  the  lower  forma  a  short  hyx>oootyl  (as  in  Salvinia,  see  p.  412)  which  is  com- 
monly (but  erroneously)  called  the  foot,  thoagh  it  is  morphologically  quite 
dififerent  from  the  foot  of  the  Filicinte  and  Equisetinie,  the  true  homologue  of 
the  foot  in  those  groups  being  the  suspensor  in  this.  The  upper  tier  of  cells 
gives  rise  to  the  first  leaf  or  cotyledon,  and  to  the  primary  stem.  The  first  root 
eventually  springs  adventitiously  from  cells  belonging  to  the  upper  tier,  below 
the  cotyledon :  its  origin  is  exogenous. 

In  the  other  species  which  haye  been  studied  (L.  eemuum  and  inundatum), 
whilst  the  early  stages  are  probably  much  the  same  as  in  L,  Phlegmaria,  some 
important  dififerences  become  apparent  later.  The  primary  stem  is  not  imme- 
diately developed,  as  in  L,  PhUgmaria,  but  in  its  place  a  tuberous  protooorm 
(closely  resembling  that  of  Phylloglossum)  is  produced,  carrying  the  cotyledon 
and  other  subsequently  developed  leaves,  on  its  summit^  and  bearing  adven- 
titious roots  of  exogenous  origin  at  its  base:  the  proper  primary  stem  Ib 
eventually  developed  at  the  summit  of  the  protocorm. 

Nothing  is  known  of  the  embryogeny  of  Phylloglossum. 

Vegetative  Propagation.  In  the  creeping  forms,  as  the  main  stems  die  off  the 
younger  branches  become  independent  and  constitute  new  individuals.  La 
some  species  there  are  gemmee,  as  in  L,  Selago,  where  they  are  borne  on  the 
stem,  and  are  modified  leafy  branches;  and  as  in  L,  eernuum,  where  thej  are 
small  tubercles,  closely  resembliug  the  tuberous  embryonic  protocorm,  and  are 
borne  on  the  roots. 

The  Gambtophttb.  In  so  far  as  the  gametophyte  has  been  investigated,  it 
is  a  monoecious  prothallium,  either  containing  chlorophyll  (L.  inundatum  and 
eemuum) t  or  destitute  of  chlorophyll  {L,  amiotinum  and  PhUgmaria)  and  sapro- 
phytic.   The  gametophyte  of  Phylloglossum  is  unknown. 

The  contents  of  the  germinating  spore  (in  L,  inundatum)  xmdergo  division 
into  two  cells :  of  these  the  one,  the  hypobasal  cell,  representing  the  root- 
portion  of  the  gametophyte,  contains  no  chlorophyll,  and  merely  grows  some* 
what  without  undergoing  division:  the  other,  epibasal,  contains  chlorophyll 
and,  rupturing  the  exospore,  grows  and  divides  to  form  the  shoot  of  the  game- 
tophyte, the  further  development  of  which  is  effected  for  a  time  by  an  apical 
cell,  and  subsequently  by  marginal  growth. 

The  morphology  of  the  prothallium  ofifers  considerable  variety.  In  L.  inun- 
datum and  cernuum  the  prothallium  is  tuberous  (see  Fig.  276) ;  its  base  is  em- 
bedded in  the  soil,  and  bears  root-hairs ;  its  apex  projects  above  the  surface 
and  bears  a  tuft  of  green  leafy  lobes :  the  sexual  organs  are  developed  in  a  zone 
from  a  layer  of  tissue  which  long  remains  merismatic  and  which  is  situated  just 
below  the  apical  tuft  of  lobes ;  occasionally  some  antheridia  are  developed  on 
the  lobes.  In  L.  annotinum  the  prothallium  is  also  tuberous  :  it  is  somewhat 
ovoid  in  form,  bearing  root-hairs  on  its  lower  surface,  and  reproductive  organs 
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OD  the  discoU  central  region  of  the  apper  surface.  Whilst  in  the  foregoing 
cases  the  prothalliam  is  very  small  and  simple,  in  L.  Phlegmaria  and  some 
3ther  species  (L.  earinatum  and  HippurU)  it  is  considerably  larger  and  more 
complex.  It  consists  here  of  a  cylindrical,  monopodially-braDched  body,  with 
apical  growing-points  similar  in  stractnre  to  those  of  the  sporophyte.  The 
superficial  layer  of  cells,  representing  an  epidermis,  gives  rise  to  a  number  of 
root-hairs.  The  sexoal  organs  are  developed  on  special  branches,  gametophores, 
though  antheridia  sometimes  occur  on  the  Tegetdtive  branches ;  the  gameto* 
phores  are  shorter  and  thicker  than  the  vegetative  branches,  sometimes  even 
taberons,  and  bear  the  sexual  organs  on  the  upper  surface  surrounded  by  stout 
malticellular  bairs,  paraphyuM. 

The  male  organ*,  antheridia,  are  sank  in  the  tissue  of  the  prothallium :  they 
resemble  those  of  the  Euspofangiate  Filicins.  Their  development  precedes  that 
of  the  female  organs. 

The  maU  eells,  spermatozoids,  are  oval  in  shape,  and  have  two  cilia:  a  vesicle 
is  extruded  from  the  mother-cell  together  with  the  spermatozoid,  asinthe  Filicinie. 
The  ftmaU  organt,  archegonia,  have  short  necks  which  project  but  little 
above  the  surface  of  the  prothallium.    They  have  the  structure  usual  among 
Pteridophyta :  in  L.  PUeginaria  there  are  generally  several  neck-canal-cells. 
The  female  cell,  oosphere,  requires  no  special  description, 
lo  consequence  of  its  position  and  of  its  mode  of  development,  the  'embryo  is 
forced  downwards  into  the  tissue  of  the  fleshy  prothallium,  being  anchored,  as 
it  were,  at  one  end  by  the  suspensor.    As  it  grows  it  destroys  the  cells  of  the 
proiballinm  with  which  it  comes  into  contact,  and  absorbs  the  nutritive  sub- 
stances  stored  in  these  cells  by  means  of  the  so-called  foot,  the  superficial  cells 
of  which  grow  out  into  short  papillie.   In  its  further  growth  the  embryo  becomes 
more  and  more  curved  until  it  regains  the  surface  of  the  prothallium  and  pro- 
jects.   In  L.  PhUgmaria  the  embryo  remains  for  some  time  enclosed  in  a  sac, 
tbe  caltfptra,  formed  by  active  growth  of  the  prothallial  tissue. 

The  life  of  the  prothallium  is  short  and  closes,  in  most  cases,  with  the 
development  of  an  embryo  from  the  oospore,  but  in  L.  Phlegmaria  it  seems  to 
persist  from  one  season  to  another.  In  the  latter  species  the  prothallia  are 
multiplied  vegetatively  by  the  isolation  of  branches,  as  also  by  small  multioellular 
bolbiU. 

A  remarkable  biological  feature  is  the  constant  association  of  a  Fungus 
(probably  a  Pythium)  with  the  prothallia,  as  also  with  the  embryo,  of  L.  eemuum 
and  inundattjun. 

Order  2.  Psilotacea.  This  order  consists  of  the  two  genera  Psilotum  and 
Tmesipteris;  of  these  the  former  is  widely  distributed  in  the  tropics;  the 
Utter  is  confined  to  Australia,  New  Zealand,  and  Polynesia,  and  lives  epi- 
phytically, and  perhaps  parasitically,  on  the  trunks  of  Tree-Ferns. 

Tax  Sporophttx.  The  most  striking  feature  in  the  morphology  of  these  plants 
is  the  total  absence  of  roots,  the  functions  of  these  organs  being  performed  by 
specially  adapted  stem-branches  bearing  minute  scale-leaves,  and  covered  with 
o>ot-haiiB. 

The  item.  In  Psilotum  the  subterranean  shoots  have  unlimited  apical  growth : 
^7  Are  much  branched,  apparently  dichotomously,  but  it  seems  probable  that 
tbe  branching  is  really  lateral.    Tue  subaerial  shoots  generally  arise  as  lateral 
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braDches  on  the  sabterxanean  shoots :  they  have  limited  apical  growth ;  they 
are  branched,  the  mode  of  branching  being  probably  the  same  as  that  of  the 
subterranean  shoots ;  and  they  bear  small  scattered  leaves. 

The  stem  of  Tmesipteris  appears  to  agree  in  all  essential  morphological  points 
with  that  of  Psilotam ;  bat  with  this  oonspiouoas  difference,  that  it  is  much  less 
branched. 

The  haves.  In  both  genera  the  leaves  of  the  snbaerial  shoots  are  of  two 
kinds.  In  Psilotnm  the  vegetative  leaves  are  minnte  scales,  whereas  in 
Tmesipteris  they  are  relatively  well-developed  as  foliage-leaves :  they  are  simple 
and  sessile.  The  sporophylU,  on  the  contrary,  are  petiolate  and  bilobed  in  both 
genera,  a  single  sporangiom  being  borne  on  the  upper  surface  of  each  sporophyll 
just  at  the  junction  of  the  bases  of  the  two  lobes :  they  are  not  borne  in  cones. 

The  sporangia  are  synangia  (p.  875) ;  that  is,  they  are  not  unilocular,  but 
multilocnlar  capsules :  in  Psilotam  the  synangium  is  generally  trilocaUur  (some- 
times 8-4  locolar),  in  Tmesipteris  bilooular.  Each  loculas  opens  by  a 
longitudinal  slit.  The  origin  of  the  archesporium  has  not  been  fally  traced  : 
but  it  appears  probable  that  it  consists  primarily  of  a  layer  of  cells,  some  of 
\Thich  become  the  mother-cells  of  the  spores,  whilst  the  rest  are  sterile  and  form 
the  tissue  of  the  walls  separating  the  looali. 

The  spores  are  developed  in  tetrads  from  the  mother-cells ;  bilaterally,  as  in 
Tmesipteris ;  or  either  bilaterally  or  tetrahedrally,  as  in  Psilotum.  TUey  have 
the  typical  structure. 

General  HUtology.  The  shoots  of  both  genera  are  monostelic  The  arrange- 
ment of  the  bundles  is  radial,  much  as  in  Lycopodiam ;  bat  the  number  of  the 
bundles  is  generally  smaller,  especially  in  the  subterranean  shoots  where  there 
may  be  only  two  protoxylem-bundles.  There  is  no  secondary  growth  in 
thickness.  The  growth  in  length  of  the  shoots  is  effected  by  an  apical  growing- 
point  which,  when  the  shoot  is  quite  young,  consists  of  small-celled  meristem  ; 
but  in  which  a  three-sided  pyramidal  apical  cell  can  in  certain  eaaes 
(subterranean  shoots  of  Psilotum)  be  detected  at  a  later  stage. 

The  leaves  have  a  midrib  with  a  single  handle,  whicu  is,  however,  very 
rudimentary  in  Psilotam  triquetrum. 

Vegetative  propagation  takes  place  in  Psilotam  by  means  of  gemmss, 
developed  on  the  rhizomes,  consisting  of  a  single  layer  of  cells,  ovoid  and 
flattened  in  form. 

The  Gaubtoputts.  No  observations  have  as  yet  been  made  on  the  gameto- 
phyte  of  either  genus,  and  consequently  the  embryogeny  of  the  sporophyte  is 
also  unknown. 

SUB-CLASS  HETEBOSPOBE^. 

Order  S.  Selaginellacea.  This  order  consists  of  the  single  genus  Selag- 
inella,  of  which  the  numerous  species  are  very  widely  distributed,  but  only  one, 
S,  spinosa  (telaginoidet)^  is  British. 

The  Sporophttk.  The  primary  stem  is  slender  and  elongated,  erect,  or  more 
commonly  procumbent;  its  symmetry  is  bilateral,  isobilateral  when  erect, 
dorsiveutral  when  procumbent ;  the  branches  spring  from  the  flanks  of  the 
primarj  stem,  and,  as  this  is  subsequently  repeated,  tiie  resulting  branch-system 
lies  in  one  plane ;  the  mode  of  branching  is  lateral,  though  it  appears  to  be 
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dichotomons.       In  some  few  speoies,  however,    the  branches   have    radial 
tymmetiy  {e.g.  S.  $pinoia). 

At  the  points  at  which  the  normal  branching  takes  place,  leafless  branches, 
termed  rhizophoret^  are  in  some  species  developed  in  a  plane  at  right  angles  to 
that  of  the  normal  branching ;  thas  in  S,  Krauttiana  they  arise  singly  on  the 
npper  snrfaoe  of  the  stem  at  the  points  of  normal  branching,  whilst  in  S, 
Alarteruii  two  are  developed  at  each  such  point,  one  on  the  upper  and  one  on 
the  lower  snrfaoe.  The  direction  of  growth  of  the  rhizophore  is  snch  that  the 
tpex  eventoally  penetrates  into  the  soil,  when  roots  arise  from  it  and  it  ceases 
to  grow. 

These  organs  have  been  regarded  as  roots,  and  are  sometimes  so  designated 
still.  Bot  in  view  of  the  important  morphological  facts  that  the  rhizophore  is 
of  exogenons  origin  like  the  leafy  branches ;  that  it  has  no  root-cap,  whilst  the 
true  roots  of  Selaginella  have  one ;  and  finally,  that  sometimes  a  rhizophore  will 
develope  leaves  and  even  cones,  the  probability  is  that  they  are  modified 
branches  comparable  with  the  root-like  branches  of  the  Psilotaceas. 

The  leaves  can  be  readily  distinguished  as  either  foliage-leaves  or  sporo- 
phylls.  A  characteristic  feature  in  their  morphology  is  the  development  of  a 
small  liguU  on  the  upper  surface  of  each  leaf  near  its  base. 

The  foliage-leaves  are  simple,  small,  sessile,  and  rather  numerous.    Those 
borne  on  the  radial   branches  are  all  alike,  and  are  arranged  spirally ;  the 
bilateral  branches  show  remarkable  heterophylly,  there  being  leayes  of  two 
sizes  in  decussate  pairs,  each  pair  con- 
sisting of  one  large  and  one  small  leaf ; 
when  the  branch  bearing  these  two  kinds 
of  leaves  is  dorsiventral,  the  four  rows  of 
leaves  show  displacement  with  the  result 
that  the  two  rows  of  small  leaves  are 
borne  on  the  upper  surface  of  the  branch, 
and  the  two  rows  of   larger  leaves  are 
borne  infero-laterally  (Fig.  277). 

The  sporophylls  are  generally  collected 
into  more  or  less  distinct  cone-like  flowers; 
they  do  not  diflier  materially  from  the 
foliage-leaves,  and,  like  them,  may  be  all 
of  one  size  or  of  two  sizes. 

The  tporangia  are  shortly  stalked  and 
onilocular;  they  arise  singly  from  a  group 
of  superficial  cells  of  the  stem  just  above 
the  insertion  of  each  sporophyll;  the  wall, 
when  mature,  consists  of  two  layers  of 
cells ;  the  archesporium  probably  consists  of  a  single  row  of  cells,  and  is  entirely 
•porogenous. 

There  are  two  kinds  of  sporangia,  macrosporangia  and  microsporangia, 
distinguished  by  the  kind  of  spores  which  they  produce,  and  by  their  size. 
Tbemscrosporangia  each  give  rise  to  generally  four  (sometimes  2  or  8)  relatively 
large  macrospores  ;  the  microsporangia  each  give  rise  to  a  considerable  number 
of  microspores. 


Fio.  277.— SfloytiuIU  helvttica  (nat. 
size) :  •  the  upright  fei-tUe  shoot,  with 
sporangia  in  the  axiU  of  the  leares. 
On  the  procumbent  sterile  sboote,  the 
leaves  on  the  under  side  (u)  are  larger 
than  those  on  the  upper  nide  (o). 
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The  relntive  distribntion  of  the  two  kinds  of  sporangia  presents  some  Taria- 
tion.  As  a  rule  both  kinds  of  sporangia  are  present  in  the  same  cone,  so  t)ittt 
it  may  be  described  as  consisting  of  miorosporophylls  and  macrosporophylls ; 
in  this  case  there  may  be  several  macrosporophylls  at  the  lower  part  of  the 
cone,  or  only  a  single  one. 

The  tpores  are  developed  in  fours  from  the  mother-cells  resulting  from  the 
growth  and  multiplication  of  the  archesporial  cells.  They  are  developed 
tetrahedrally :  but  in  the  macrosporangium  usually  only  one  of  the  mother- 
cells  undergoes  division  to  form  spores.  The  structure  of  the  spores  is 
normal. 

The  roott  are  all  adventitious  and  endogenous.  In. some  species  (^.g. 
S,  cuspidata  and  Wildenovii)  they  spring  directly  from  the  lower  surface  of  the 

stem  at  the  points 
where  branching 
takes  plare.  In  other 
{e,g,  S.  Martemii  and 
KravBMiana)  cases 
they  spring  from 
near  the  apex  of  the 
rhizopbores  after  the 
rhizophores  have 
reached  and  entered 
the  soil.  The  roots 
branch  monopodi- 
ally. 

General  Histologym 
The  steqi  is,  in  some 
species  {S,  tpinulosa 
and  denticulata)  mo- 
nostelic,  but  in  most 
species  it  is  poly- 
stelic  (two  or  three). 
The  epidermal  and 
the  fundamental 
tissue  of  the  stem 
is  prosencbymatons, 
without  intercellolar 
spaces.  In  corre- 
lation with  this  each 
stele  is  suspended, 
by  delicate  trabecular 
cells  developed  from 
the  endodetmis,  in 
an  air-chamber:  each  vascular  bundle  going  to  a  leaf  is  in  a  similar  chamber 
which  communicates  in  the  lamina  with  the  external  air  through  the  stomata. 
Each  stele  is  surrounded,  towards  the  air-chamber,  by  a  perioycle  consisting  of 
one  or  sometimes  two  layers  of  cells.  The  stele  is  diarch,  or  polyaroh,  circular 
or  oval  in  transverse  section,  the  wood-bundles  joining  in  the  centre. 


■"•to.  278.— Prothallinm  and  embryo  of  SetagintUa  Marten§ii 
( X  »M :  after  PfefPer) :  »  coat  of  maorospore  ;  p  prothallium  ; 
a  arcpcflronium ;  d-d  diaphragm ;  §nd  so-called  endosperm ;  B 
an  embryo  (there  is  a  smaller  one  to  the  right):  •  saapensor ; 
e  c  developing  ootyledons;  at  stem ;  r  origin  of  the  root;  /  so- 
called  foot. 
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Bhizophore  and  root  are  both  monostelic,  and  without  air-chambers:  the 
ftele  iB  monarch. 

The  bundles  are  all  closed ;  there  is  no  secondary  growth  in  thickness. 

The  leayes  are  very  simple  in  structure :  they  have  a  midrib  with  a  single 
/ascolar  bundle :  the  epidermal  cells  contain  chloroplastids  which,  like  those  in 
the  other  cells,  are  large  and  are  present  in  small  numbers  (sometimes  only  one) 
in  the  cells.  The  stomata  are  usually  confined  to  the  under  surface,  on  the 
sides  of  the  midrib. 

The  growth  in  length  of  the  stem  is  effected  by  an  apical  growing- point  which 
has.  in  some  species  {e,y.  S.  Martentii)  a  two-sided  or  three-sided  apical  cell, 
whilst  in  others  {e.g:  S.  Lyalli,  PervilUU  etc.)  it  consists  of  small -celled  stratified 
meristem.    The  structure  of  the  growing-point  of  the  rhizophore  agrees  with 


Fifl.  279.— Embryogeny  of  S«Iay{n«IIa  UaTt0iMii  (after  Pfeffer).  Two  isolated  embryos  at 
different  stages.  A  Yoanger  embryo  ( x  610)  B  older  ( x  166) :  •  snsnensor;  o^  c*  ootyledonsi 
t*  Item ;  I  young  foIiage>leares  i  Hyp  hypocotyl  i  r  root  %  f  eoHsallcd  foot. 

that  of  the  stem  in  the  various  species :  but  the  apical  cell,  when  present,  is  a 
f oar-sided  pyramid  at  first,  becoming  eventually  two-sided.  The  growing- 
point  of  the  root  has  a  tetrahedral  apical  cell. 

Embryogeny  of  the  Sporophyte,  The  embryogeny  of  Selaginella  closely  re- 
lembles  that  of  Lycopodium.  The  oospore  undergoes  division,  a  transverse 
basal  wall  being  formed:  the  upper  or  hypobaaal  cell  developes  into  a  uni- 
cellular or  few-celled  suspensor  which  is  homologous  with  the  foot  iu  th^ 
firyophyta :  the  lower  or  epibasal  cell  appears  to  undergo  division  into  four 
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octants,  which  eventnally  form  two  tiers  of  cells :  from  the  basal  tier  of  eelUi 
the  hypocotyl  is  developed ;  from  the  apical  tier  the  growing-point  of  the  stem . 
and  those  of  the  two  cotyledons.  The  hypocotyl  elongates,  and  canres  so  as  to 
escape  from  the  prothallium  and  the  spore ;  the  convexity  of  the  curve  becomes 
somewhat  protaberant  and  is  usaally  (bnt  erroneously)  termed  the  **  foot,"  though 
It  doubtless  acts  as  an  organ  of  absorption ;  morphologically  it  cannot  be  a  foot 
since  it  is  epibasal  in  origin ;  it  would  more  appropriately  be  termed  a  feeder 
(p.  14) .  The  first  root  eventually  springs,  endogenously  and  adveutitionsl  j,  from 
the  posterior  portion  of  the  convex  surface  of  the  hypocotyl;  it  is  not  a  true 
primary  root  because  it  is  epibasal  in  origin. 

The  GAUETOPHrTK. 

Selaginella  being  heterosporous,  the  gametophyte-generation  is  represented, 
by  distinct  male  and  female  individuals,  which  are  radimenU^ry  prothallia 
bearing  the  male  and  female  organs  respectively. 

The  male  prothallium  is  developed  inside  the  microspore :  the  germination  of 
the  spore  begins  with  the  formation  of  a  wall  across  the  pointed  apical  end  of 
the  spore,  cutting  off  a  small  cell,  the  vegetative  cell :  the  rest  of  the  spore  goes 
to  form  the  single  antkericUum  which  consists  of  a  layer  of  parietal  cells  enclos- 
ing the  mother-cells  of  the  spermatozoids.  When  the  development  of  the 
spermatozoids  is  completed,  the  coats  of  the  microspore  burst,  as  also  the  wall 
of  the  antheridinm,  and  the  spermatozoids  are  set  free. 

The  male  cells  or  spermatozoids  consist  of  a  somewhat  club-shaped  slightiy 
twisted  body,  bearing  two  cilia  at  its  pointed  anterior  end. 

The  female  prothallium  is  developed  inside  the  macrospore  (Fig.  278) :  ger- 
mination begins  with  the  formation  of  a  wall,  termed  the  diaphragm,  across  the 
apical  end  of  the  macrospore :  in  the  smaller  upper  cell  thus  cut  off  cell-division 
proceeds,  resulting  in  the  formation  of  the  meniscus-shaped  prothallium  con- 
sisting of  compact  small-celled  tissue :  the  larger  portion  of  the  spore,  below 
the  diaphragm,  is  rich  io  reserve  materials :  here  cell-formation  goes  on  bat 
slowly,  a  large-celled  loose  tissue  (sometimes  called  endosperm)  being  produced 
which  serves  to  nourish  the  embryo  which  is  forced  down  into  it  by  the  elon- 
gation of  the  suepensor. 

The  walls  of  the  spore  eventually  split  along  the  angles,  thus  forming  an 
apical  aperture  by  means  of  which  the  upper  surface  of  the  prothallium,  which 
now  becomes  green,  is  exposed. 

The  female  organ  or  archegonium  is  developed  from  a  single  superficial  cell 
at  the  centre  of  the  upper  surface  of  the  prothallium  (here  several  cells  thick) ; 
it  does  not  call  for  any  special  description :  if  the  first  archegonium  fails  to  be- 
come fertilised,  others  may  be  subsequently  formed. 

The  female  cell  or  oosphere  is  contained  in  the  venter  of  the  archegonium. 
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GROUP  IV. 


PHANEROGAMIA  (ob  SPERMAPHYTA). 

These  are  all  heterosporoas  plants,  having  a  definite  alternation 
of  generations,  which  is,  however,  not  readily  perceived  on  accoant 
of  the  great  reduction  of  the  sexaal  generation,  and  of  the  fact 
that  the  female  gametophjte  remains  enclosed  in  the  macrospore, 
that  tbe  macrospore  remains  enclosed  in  the  macrosporanginm, 
and  that  the  macrosporanginm  remains  for  a  long  time  attached 
to  the  sporophjte,  the  result  being  the  development  of  a  sp-ed 
which  constitutes  a  characteristic  feature  of  the  group  (see  p.  217). 

A.  The  Spoeophttb.    As  in  the  Pteridophjta,  so  here,  the  plant 
itself  is  the  sporophyte  or  asexual  generation. 

It  is  unnecessary  to  go  into  detail  at  present  with  regard  to  the 
morphology  o£  the  vegetative 
organs;  full  information  is 
given  in  tbe  section  on  General 
Morphology,  and  subsequent- 
ly in  the  description  of  the 
classes  and  orders. 

The  Beprodtictive  Organs  of 
the  sporophyte  are  sporangia 
of  two  kinds,  microsporangia 
and  macrosporangia,  which 
are  usually  borne  on  sporo- 
phylls,  but  sometimes  directly 
on  the  axis:  the  modified 
shoots  bearing  the  sporangia 
constitute  flowers;  and  they 
usually  bear,  in  addition  to 
the  sporophylls,  other  floral 
leaves  (hypsophylls,  see  p. 
79),  protective  or  attractive 
in  function,  soAe  of  which 
usaally  constitute  a  perianth. 

The  flowering  shoot  consti- 
tutes an  inflorescence^  which  may  consist  of  one  or  many  flowers, 
according  to  the  extent  to  which  the  shoot  branches. 

The  Flower  (see  p.  76)  is  a  sporangium-bearing  shoot  or  sporo- 
phore  with  usually  undeveloped  or  feebly  developed  intemodes. 


Fxck  290.— Diagram  of  an  ansrioepennoaa 
flower.  K*  Calyx.  K  Oorolla ;  /  filament  of 
stamen ;  a  anther  with  two  pollen-saoa  in  each 
half  which  are  opened,  showing^  the  pollen- 
grains  (pX  These  fttll  on  the  stiKma,  and  the 
pollen-tabe  (pt)  penetrates  tbe  style  {g)  as 
far  as  the  oaritj  of  the  ovar>-  (F),  reaoliing 
the  orn\e  (S) ;  i  the  internment  of  tbe  ovnle; 
•m  the  embryo- sao.    E  The  oosphere. 


T.  8.  B. 


r  r 
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80  that  the  sporophylls  and  hypsophylls  which  it  bears  are  closely 
aggregated  together.  Most  commonly  the  flower  is  ambispnran- 
giate  (monoclinoas,  or  hermaphrodite),  bat  it  is  frequently  mono- 
sporangiate  (unisexual)  :  in  the  latter  case  there  are  two  kinds  of 
flowers,  microsporangiate  and  macrosporangiate,  which  may  be 
borne  by  the  same  individual,  when  they  are  said  to  be  diclinons 
and  monoecious;  or  by  two  distinct  individuals,  when  they  are 
dioecious  (see  p.  86).  Occasionally  the  same  plant  produces  both 
ambisporangiate  and  monosporangiate  flowers,  when  it  is  said  to 
be  polygamous.  The  microsporangiate  flowers  are  frequently 
termed  staminatet  and  the  macrosporangiate  flowers  carpellary 
(p.  78) :  the  former  are  indicated  by  the  sign  (J ,  the  latter  by 
the  sign  ? ,  and  ambisporangiate  flowers  by  the  sign  5 .  In  the 
Gymnosperms  the  flower  is  always  monosporangiate ;  in  the  An- 
giosperms  it  is  generally,  though  by  no  means  always,  ambispor- 
angiate. The  flower 
of  the  Gymnosperms 
is  nearly  always  de- 
stitute of  a  perianth. 
The  special  mor- 
phology of  the  Peri- 
anth is  dealt  with 
under  the  An^o- 
spermsB,  in  which 
class  it  attains  its 
highest  develop- 
ment. 

The  Sporophylls 
are  of  two  kinds : 
microsporophyllsj  otherwise  known  as  stamens;  and  mcLcrosporo- 
phyllsi  otherwise  known  as  carpels :  the  former  bear  exclusively 
microsporangia,  the  latter  exclusively  macrosporangia.  The 
sporophylls  present  considerable  variety  of  form,  and  Bive  on  the 
whole  more  highly  specialised  than  in  any  of  the  Pteridophjta. 

The  microsporophyll,  or  stamen  (see  p.  78),  in  its  most  hig-hly 
specialised  form,  consists  of  a  stalk  of  varying  length,  the  filament, 
bearing  a  terminal  structure,  the  anther,  which  is  a  sorus  of  one 
or  more  microsporangia  embedded  in  more  or  less  placental  tissue. 
In  the  less  highly  organised  Phanerogams  (e.^.most  Gymnosperms), 
the  microsporophylls  are  morphologically  simpler,  having  the 
general  character  of  sessile  or  shortly-stalked  scaly  leaves. 


Fxo.  2S1.— Transverse  section  of  a  yoang  anther  of  Sam^ 
hucvA  rajctmota  ( x  80) :  e  tbe  connective  with  the  vascalor 
bundle ;  p«  the  four  pollen-racs  (microsporan^a) ;  p  the 
mother-cells  of  the  pollen;  t  tapetal  layer;  w  the  wall  of 
tbe  pollen«eac. 
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The  macrospoi-nphyll,  or  carpel,  bears  (usually)  macrosporangia 
(see  p.  78).  In  the  Angiosperms  the  carpel,  either  by  iteelf  or  by 
cohesion  with  others,  forms  a  closed  cavity,  the  ovary^  which  is 
frequently  prolonged  at  its  apex  into  a  longer  or  shorter  process, 
the  siyle,  bearing  at  its  summit  a  glandular  surface,  the  stigma : 
sometimes  the  style  is  absent,  so  that  the  stigma  is  sessile  on  the 
ovary;  within  the  ovary  the  macros porangia  are  developed.  In 
the  Gymnosperms,  the  macros porophylls  (when  present)  do  not 
cohere,  either  individually  or  several  together;  so  that  in  this 
group  there  is  no  ovary,  style,  or  stigma;  they  are  thus  distin- 
guished from  the  Angiosperms,  in  which  there  is  always  an 
ovary. 

The  Sporangia  are  of  two  kinds;  microsporangia  or  pollen-sa^^, 
aud  macrosparangia  or  ovules.  The  development  of  the  sporangium 
is,  in  both,  eusporangiate  (see  p.  73).  The  sporangia  are,  as  a 
rale,  home  on  the  sporophylls ;  but  in  some  few  cases  (e.g.  mici*o- 
sporangia  of  Naias,  Casuarina;  macrosporangia  of  Taxus,  Poly- 
gonum, Primulaceae,  etc.)  they  are  borne  on  the  axis. 

The  microsporangia,  or  pollen-sacs,  may  be  developed  either 
singly  or  in  a  sorus  of  two  or  more ;  they  may  be  very  numerous 
on  the  sporophyll,  as  in  the  CycadacesB.  "When  borne  on  the 
sporophylls,  they  arc  developed  on  the  lower  (dorsal)  surface  of 
the  microsporophyll  in  the  lower  forms  (e.g.  CycadacesB,  ConifersB) ; 
whereas  in  the  Angiosperms  they  are  usually  developed  both  on 
the  upper  (ventral)  and  the  lower  surfaces. 

The  microsporangia  either  project  freely  or  are  embedded  in  the 
placental  tissue  of  the  member  bearing  them.  The  multicellular 
hjpoderraal  archesporium  is  either  a  row  or  a  layer  of  cells.  The 
archesporial  cells  undergo,  as  a  rule,  division,  giving  rise  to  the 
sporogenous  cells  together  with  a  more  or  less  extensive  transitory 
layer  of  investing  cells,  the  tapetum,  which  is  eventually  dis- 
orjranised. 

The  raicrosporanginm  is,  as  a  rule,  unilocular;  but  in  a  few 
Augiosperms  some  of  the  sporogenous  cells  are  sterile  and,  instead 
of  giving  rise  to  spores,  constitute  walls  which  render  the  micro- 
spoi-angium  mnltilocnlar.  The  septa  are  either  transverse,  so  that 
the  loculi  are  in  a  vertical  row  (e.g.  species  of  Mimoseae;  also  some 
Onagracese,  such  as  Circaea,  Gaura,  Clarkia)  ;  or  both  transverse 
and  longitudinal,  as  in  Rhizophora  and  Yiscum. 

The  microsporangium  eventually  dehisces,  generally  by  a  longi- 
todinal  slit,  less  commonly  by  a   transvei*8e   slit  or  by  a  pore. 


434 


PART   III. — THB   CLASSinCATION  OF   PLANTS. 


The  dehiscence  is  mainlj  effected  by  a  layer  of  tracbeidal  cells, 
differentiated  as  part  of  the  wall,  which  are  highly  hygroscopic. 

The  microsporesj  or  pollen-grains,  are  developed  from  the  sporo- 
genoas  mother-cells  of  the  sporangium.  As  a  rale  each  mother-cell 
divides  so  as  to  give  rise  to  four  microspores,  all  of  which  develope. 
As  a  rale,  also,  the  microspores  eventaally  become  qaite  free  irom 
each  other,  bat  to  this  there  are  exceptions:  thas,  in  the  Mimosea;, 
while  the  pollen-grains  are  isolated  in  some  species,  in  other 
species  they  cohei*e  in  groups  of  4,  8,  12,  16,  or  32,  derived  from 
one,  two,  three,  or  more  mother-cells ;  again,  in  the  Orchidacese, 
whilst  Cypripedinm  has  isolated  pollen-grains,  in  most  genera  the 
pollen-grains  are  in  groups  of  four  (tetrads),  and  cohere  into  a 
mass  (or  2-8  masses),  the  polliniunij  of  varying  consistence  (see 
OrchidaceaB) :  poUinia  also  occur  in  the  Asclepiadaceae. 

The  microspore  has,  as  a  rule,  the  ordinary  structure  of  a  spore 

(see  p.  69) ;  it  is  a  nucleated 
cell,  with  a  certain  amount 
of  granular  nutritive  mate- 
rial in  its  cytoplasm,  and 
has  two  coats,  an  in  tine  and 
an  exine,  the  structure  of 
the  latter  being  elaborate 
in  many  cases.  The  spore 
has  not,  however,  always 
two  coats.  In  some  plants 
there  is  no  exine,  and  only 
a  single  thin  coat,  as  in  the 
cells  of  the  pollinia  of  Or- 
chids and  Asclepiads,  and 
in  certain  plants  whose 
flowers  develope  under  water,  such  as  certain  NaiadacesB  (Zos- 
tera,  Posidonia,  Cymodocea,  Naias),  in  Halophila  (Hydrochari- 
dacere),  and  in  some  species  of  Callitriche.  In  others,  again, 
there  is  but  one  coat,  but  it  is  thick  and  is  cuticularised  externally 
(e.g,  Senecio),  or  the  two  coats  are  only  distinguishable  at  those 
points  at  which  the  pollen-tubes  will  be  eventually  protruded  (e.g. 
Onag]*acefle,  Cobcea). 

The  exine  is  frequently  highly  differentiated  with  special  refer- 
ence to  the  protrusion  of  the  pollen-tubes :  it  may  be  porous  (e.g. 
Malvacero,  Fig.  283)  ;  or  there  may  be  thin  areas  at  certain  points ; 
or  (Onagraceaa)  much-thickened  areas  where  the  poUen-tubes  are 


Fio.  382.— il  Pollen-grain  of  CueurbiUi  P«po, 
nhowing  the  lid-like  areas  through  which  the 
pollen-tabes  will  protrnde  (x210).  B  Section  of 
one  of  these  areas  (x6J0:  after  Strasbarger). 
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eventually  developed;  or,  a^ain,  areas  are  marked  off  here  and 
there  which  come  off  like  lids  under  the  pressure  of  the  developing 
pollen-tube  (Fig.  282). 

The  development  of  the  microspores  has  already  been  dealt 
with  in  general  (see  p.  125),  so  that  it  will  be  only  necessary 
here  to  mention  certain  special  points.  In  the  first  place  there 
is  an  exception  to  the  rule  that  each  mother-cell  gives  rise  to 
four  microspores ;  in  Asclepias  each  mother-cell  developes  directly, 
without  division,  into  a  cell  of  the  pollinium,  each  such  cell 
being,  at  any  rate  physiologically,  equivalent  to  a  mici'ospore ; 


Pio.  29.— PolIen-g^iiis  of  Sfa7r<i  eWtPO.  A  Grain  seen  from  surfaM ;  B  secMon  of  wall, 
•tiowing  the  ezine  with  iu  alternate  spines  and  pores,  the  latter  closed  internally  by  the 
delicate  innermoet  layer  of  i-he  exiue ;  C  germinatin«r  pollen-grrain  with  pollen-tubee;  D  the 
■amein  aectior,  showing  the  protrasion  of  the  pollen- tabei  through  the  pore*,  (il,  B,  D 
"MO;  Cx  240:  after  Strasburger.) 


ftpparontly  the  samo  is  the  case  in  Zostera  where, 
microspores  aro  isolated.  The  mother-cells  of  the 
cither  remain  coherent,  during  the  development  of  the 
or  (as  in  many  Monocotyledons)  they  become  free 
the  granular  fluid,  derived  from  the  disorganisation  of 
which  fills  the  pollen- sac.  The  walls  of  the  mother. 
W)me  very  much  thickened,  especially  in  the  planes 


however,  the 
microspores 
microspores, 
and  float  in 
the  tapetum, 
cells  usually 
of  the  future 
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diviHioiiR.  The  division  of  the  mother-cell  is  either  snccesKive 
(Monocotyledons,  Cjcads),  or  simaltaneous  (most  DicotyledonJ* 
and  Conifers)  ;  in  the  former  case  the  microspores  are  nsaally 
bilateral,  in  the  latter  tetrahedraL  The  form  of  the  mature 
microspore  varies  widely ;  it  may  be  spherical,  etc. ;  in  plants  in 
which  pollination  takes  place  nnder  water,  the  microspore  be- 
comes elongated  and  filiform  (e.g,  Zostera,  Posidonia,  Cyraodocea, 
and  to  some  extent  also  in  Naias),  and  in  Halophila  the  microspores 
are  aggregated  into  filaments. 

In  some  cases  the  germination  of  the  pollen-grain  begins  before 
it  is  set  free  from  the  dehisced  pollen- sac,  so  that  it  consists  of 
two  (sometimes  more  in  Gymnosperms)  cells  at  the  time  of 
pollination. 

The  macrosp(yrangia,  or  ovnles,  are  developed  singly,  or  in  pairs, 
or  more  commonly  several  together,  from  a  more  or  less  well- 
developed  cushion  of  tissue,  the  placenta.  When  the  ovules  are 
borne  on  sporophylls,  the  placenta  is  either  marginal,  or,  less 
commonly,  it  is  ventral,  including  the  whole  of  the  upper  or  inner 
surface  of  the  carpel  with,  sometimes,  the  exception  of  the  mid- 
rib (e.gr.  Butomus,  NympheBa).  When  the  ovules  are  borne  on 
the  axis,  they  are  either  terminal  (e.g,  Taxus,  Polygonum)  or 
lateral  (e.g.  PrimulacesB,  CorapositsB). 

The  macrosporangium,  like    the   microsporangium,  makes  its 
appearance  as  a  small  cellular  prominence  on  the  surface  of  the  . 
organ   which   bears   it,   formed   by   the   division  of  a  group  of/ 
hypodermal  cells ^,  it  is  covered  at  the  surface  by  an  epidermal' 
layer  which  usually  remains  single,  though  in  some  cases  (eyi 
Gymnosperms,  Delphinium,  Helianthemum,  Rosacea',  Iris  Psetidif- 
corns)  the  epidermal  cells  undergo  repeated  periclinal  divisions  ajl<i 
thus  add  considerably  to  the  bulk  of  the  mioropylar  portion'of 
the  nucellus. 

The  macrosporangium  proper  (sometimes  distinguished  as  the 
nucellus)  is  invested  by  one  or  two  coats,  which  grow  up  from  the 
base,  but  do  not  completely  close  over  the  apex,  leaving  there  a 
narrow  channel  termed  the  micropyle ;  the  base  of  the  macit)- 
spoi*angium,  where  the  coats  and  the  tissue  of  the  sporangium 
proper  become  indistinguishable,  is  termed  the  chaUiza.  The 
coats  of  the  ovule  in  Phanerogams  are  the  morphological  equivalent 
of  the  indusium  in  the  Pteridophyta,  though,  in  the  former  the 
sorus  consists  of  a  single  macrosporangium;  but  this  is  also  the 
case  in  Azolla,  Isoetes,  etc.,  among  the  Pteridophyta. 
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The  macrosporanginm  is  not,  as  a  mle,  embedded  in  the  placental 
tissue,  and  is  sometimes  borne  on  a  longer  or  shorter  stalk,  the 
funiele.  The  point  of  attachment  of  the  macrosporangiam,  whether 
it  be  sessile  or  stalked,  to  the  placenta,  is  termed  the  hilum. 

The  form  of  the  macrosporangium  presents  many  vaneties, 
of  which  the  following  are  the  more  common.  When  the  micro- 
pjle,  the  chalaza,  and  the  funicle  (or  the  hilam)  all  lie  in  one 
and  the  same  straight  line,  the  ovnle  is  said  to  be  orthotropous : 
when  the  micropyle  and  the  chalaza  lie  in  the  same  straight  line, 
bat  not  the  fnnicle,  the  ovnle  being  bent  back  against  the  f anicle 
(termed  the  raphe  along  the  line  of   contact),  the  ovule  is  ana- 


7io.  281— Diagmmfl  of  the  Ovule.  A  OrthotropoiUL  B  Anatropoua.  C  Campylotropous. 
/Fauicle;  ai  the  oater  integument;  ii  the  inner integament;  mmicropjle;  Icnucellus; 
«M  embryo-sao ;  r  the  raphe ;  e  chalaxa. 


tropous;  when  the  ovnle  itself  is  cnrved,  so  that  the  micropyle 
and  the  chalaza  do  not  lie  in  the  same  straight  line,  the  ovnle  is 
campylotropous.  Varions  intermediate  forms  occur  which  may  be 
easily  imagined. 

The  archesporinm  (see  p.  73),  which  here,  as  elsewhere,  is 
hypodermal,  consists  generally  of  one  cell,  though  sometimes 
appai*ently  of  several  lying  side  by  side  (e.g,  Casuarina;  some 
RosacesB,  such  as  Bosa  livlda,  Frag  aria  vesca,  Cydonia  japonica, 
Sanguisorba  pratensis;  possibly  also  some  Gymnosperms,  Gnetnm, 
Taxus,  Ginkgo,  Thnja).  In  some  cases  the  arches porial  cell 
undergoes  no  division  (e.g.  Tulipa  Gesneriana,  Lilium  bulbiferum) 
but  directly  developes  into  the  mother-cell  of  a  macrospore  ;  but, 
as  a  rule,  the  archesporial  cell  (or  cells)  undergoes  more  or  less 
frequent  division.  Thus,  in  most  Phanerogams,  the  division  of 
the  archesporial  cell  begins  with  the  cutting  off,  by  a  periclinal 
wall,  of  a  sterile  cell  towards  the  organic  apex  (raicropylar  end) 
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of  the  macrosporangiam — or  sometimes  two  such  sterile  cells — 
which,  with  or  without  farther  division,  represent  a  tapetal  layer. 
The  large  remaining  cell  now  undergoes  division  into  two  by  a 
transverse  wall,  and  one  or  both  of  these  cells  may  divide  in  a 
similar  manner.  Thus  a  longitudinal  row  of  large  cells,  two  to 
fonr  in  number,  is  formed,  all  of  which  are  potentially  mother- 
cells  of  macros  pores.  In  some  plants  (e.g.  Senecio  and  other 
gamopetalous  Dicotyledons;  Orchis pallensj  Gymnadenxa  Oovopsea, 
and  some  Grasses,  among  Monocotyledons)  no  tapetal  cells  are 
cut  off.  In  a  few  plants  (Cycads,  GalUtris  quadrivalvis,  Cuftretmis 
sempervirenttj  among  Gymnosperms;  Casuarina  and  some  other 
Amentales,  among  Angiosperms)  the  growth  of  the  archesporial 
cells  is  more  extensive,  leading  to  the  production  of  a  considerable 
mass  of  sporogenous  tissue,  as  in  the  raacrosporangia  of  the 
Pteridophyta. 

Generally  speaking,  only  one  of  the  cells  of  the  sporogenous 
tissue  shows  any  sign  of  developing  into  a  macrospore ;  and  in 
the  normal  Angiosperms,  this  cell  is  generally  the  lowest  (nearest 
the  chalaza)  of  the  longitudinal  row  described  above.  In  some 
exceptional  casas  (e.g,  Rosa  lividay  Casuarina,  Taxus,  Ginkgo, 
Thuja,  Gnetum)  several  of  the  potential  mother-cells  begin,  at 
least,  to'  develope,  though  even  in  these  cases  only  one  of  them, 
as  a  rule,  ultimately  gives  rise  to  a  fertile  macrospore. 

The  growth  of  the  fertile  mother-cell  of  the  macrospore  is 
vigorous.  It  causes  the  displacement  and  absorption  of  the  sterile 
cells  of  the  sporogenous  tissue.  But  Casuarina  is  an  exception 
in  this  respect ;  here  the  numerous  (as  many  as  twenty)  mother- 
cells  all  grow  with  equal  vigour,  and,  as  they  do  not  attain  a 
large  size,  there  is  space  for  them  all  in  the  macrosporangiam. 
Casuarina  is  further  peculiar  in  that  some  of  the  small  sterile 
cells  of  the  sporogenous  tissue  develope  into  tracheidal  cells 
somewhat  resembling  the  elaters  of  the  Hepaticss. 

The  macrosporangium  is  indehiscent,  and  only  becomes  de- 
tached from  the  plant  after  it  has  developed  into  a  seed. 

The  macrospore  or  embryo-sac  is,  as  a  rule,  developed  singly  in 
the  macrosporangium ;  and,  further,  it  is  always  developed  singly 
from  its  mother-cell  without  any  indication  of  that  division  into 
fonr  which  is  characteristic  of  the  development  of  spores  in 
general.  It  is  in  fact  impossible,  as  a  rule,  to  fix  upon  any 
stage  at  which  the  transition  from  macrospore-mother-cell  to 
macrospore  may  be  considered  to  take  place  ;  for  the  mother-cell 
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simplj  grows  and  becomes  the  macrospore  without  any  special 
differentiation.  However,  in  the  CycadaceflB,  the  wall  of  the 
mother- eel  I  undergoes  that  differentiation  which  is  characteristic 
of  spores,  so  that  tlie  wall  of  the  macrospore  consists  of  two 
la  vers  the  outer  of  which  is  cnticularised.  The  macrospore  is 
simply  a  large  cell,  containing  vacuolated  protoplasm  in  which 
lies  a  nucleus,  and  having,  as  a  rule,  a  wall  of  cellulose. 


Pig.  286.— Torcnia  atiaUca,  A  Two  anatropoai  ovnlei  on  the  placenta  p ;  •  apex  of 
*mbrjo.iac  projecting  beyond  the  micropyle ;  •*  it«  broad  cbalazal  end  in  tlie  ovule ; 
/foniele;  i  integument  (x  240).  fiaudC  Free  apex  of  embryo-sac,  with  egg-apparata«, 
l>efore  fertilisation ;  /I  caps  of  the  synergida ;  o  ooupbere.  D  and  E  Tbe  process  of  fertili- 
utioQ ;  t  the  pullen-tube ;  /  part  of  the  f uoicle  ( x  600 :  after  Btrasburger). 

In  the  course  of  its  growth,  the  macrospore  frequently  causes 
the  absorption  of  more  or  less  of  the  tissue  of  the  nucellus,  more 
especially  towards  the  micropylar  end.  It  commonly  attains 
SQch  a  size  that  little  or  none  of  the  nncellar  tissue  remains,  and 
it  may  even  project  beyond  the  micropyle  (e.g,  Santalum,  Torenia 
(uiatica.  Fig.  285)  ;  and   in  many  gamopetalous  Dicotyledons  it 
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developes  tnbalar  outgrowths,  which  penetrate  into  and  destroy 
the  tissae  of  the  integument  (e.g.  Bhinanthus,  Lathnea,  some 
Labiatae).  In  some  cases,  however  (e,g.  Gjmnosperms,  Scitamineee, 
most  NymphsBaceee,  Piper),  the  macrospore  does  not  grow  to  such 
an  extent,  so  that  a  considerable  mass  of  nucellar  tissue  is  left, 
which  persists  to  some  extent  in  the  seed  as  perisperm,  its  cells 
being  then  filled  with  nutritive  substances.  This  may  be  due,  as 
in  the  Gymnosperms,  to  the  fact  that  the  macrospore  is  covered, 
towards  the  micropyle,  by  a  mass  of  nucellar  tissue  formed  by 
the  growth  and  repeated  division,  both  periclinal  and  anticlinal, 
of  either  the  ta petal  cell,  or  of  the  apical  epidermal  cells  of  the 
ovale,  or  of  both  ;  or,  as  in  the  other  cases,  to  the  fact  that  the 
macrospore,  in  its  growth,  which  is  relatively  slight,  does  not 
absorb  the  chalazal  portion  of  the  nucellar  tissue. 

General  Histology.  The  following  are  the  principal  characteris- 
tic features : — The  apical  growth  of  shoot  and  root  is  only  excep- 
tionally effected  by  means  of  a  single  apical  cell :  the  small-celled 
meristem  of  the  growing-point  of  the  stem  is  more  or  less  distinctly 
differentiated  into  dermatogen,  periblem,  and  plerome,  so  that  the 
stem  has  a  true  epidermis :  the  epiblema  of  the  root  is  either  the 
persistent  innermost  layer  of  the  original  many-layered  endodermis 
(most  Dicotyledons,  Gymnosperms),  or  it  is  the  external  layer  of 
the  cortex  (Monocotyledons ;  see  p.  154)  :  stem  and  root  are  mono- 
stelic,  with  but  few  exceptions  (p.  152)  :  the  vascular  bundles  of 
the  stem  are  generally  collateral :  both  root  and  stem  generally 
present  secondary  growth  in  thickness  (except  Monocotyledons, 
and  a  few  other  cases)  by  means  of  a  normal  cambium-ring  (for 
abnormal  cases,  see  p.  204) :  the  growing-points  of  the  lateral  roots 
are  developed  from  the  pericycle  of  the  parent  root  (see  p.  186). 

The  Embryogeny  of  the  Sporophyte.  The  sporophyte  is  developed 
from  the  fertilised  oosphere  in  the  ovule.  The  development  of  the 
embryo  is  not  continuous,  but  is  in  two  stages,  which  may  be  con- 
veniently distinguished  as  the  intra-seminal  and  the  extra-sefninal. 
The  intra-seminal  stage  includes  the  whole  of  the  development 
which  the  embryo  undergoes  during  the  conversion  of  the  ovule 
into  the  ripe  seed — that  is,  during  what  is  known  as  the  **  ripening 
of  the  seed."  The  extra-seminal  stage  includes  the  development 
of  the  embryo  which  follows  the  sowing  of  the  seed ; — that  is,  the 
escape  of  the  embryo  from  the  seed,  and  the  gradual  development 
of  the  characters  of  the  adult  plant.  The  interval  between  theso 
two  stages  may  be  brief,  or  it  may  extend  over  many  years  if  the 


GROUP  IV. — PHANEROGAM  lA,  441 

seed  be  kept  dry.  The  "  germination  "  of  the  seed  when  sown  is 
simply  the  resamption  of  development  by  the  embryo  in  conse- 
qaence  of  exposure  to  the  necessary  conditions  of  moisture, 
warmth,  etc. 

In  most  Phanerogams,  each  oospore  gives  rise  to  a  single  em« 
brjo;  but  in  most  Gjmnosperms  each  oospore  gives  rise  to  more 
than  one  embryo  (four  or  many),  thus  exhihitivig  poly emhryony , 

The  primary  development  of  the  embryo  is  either  holoblastic  or 
meroblastic  (see  p.  13)  ;  meroblastic  embryogeny  is  common  among 
Gjmnosperms. 

In  some  exceptional  cases  (Cycads,  Ginkgo,  Ephedra)  the 
embryogeny  begins  with  free  cell-formation  in  the  oospore  (see  p. 
121). 

Generally  speaking,  the  oospore  of  holoblastic  plants  divides 
into  two  by  a  transverse  wall :  the  upper  of  the  two  cells  remains 
coherent  to  the  micropylar  end  of  the  embryo-sac  and  developes 
into  the  suspensor,  an  embryonic  organ  which  is  a  characteristic 
feature  of  the  embryogeny  of  Phanerogams,  which  bears  at  its 
lower  end  the  other  cell,  termed  the  embryo- cell,  irova.  which  the 
whole  or  a  considerable  part  of  the  body  of  the  embryo  is  de- 
veloped. In  meroblastic  plants,  the  suspensorial  cell  and  the 
embryo-cell  are  developed  in  a  somewhat  similar  though  more 
complicated  manner,  from  the  embryogenic  portion  of  the  oospore 
(see  Gjmnosperms,  p.  471). 

It  is  in  comparatively  few  plants  that  the  suspensor  contributes 
nothing  to  the  development  of  the  permanent  members  of  the 
embryo.  This  is  necessarily  the  case  in  those  plants  (enumerated 
below)  in  which  no  suspensor  is  developed ;  it  is  also  the  case 
in  some  plants  in  which  a  suspensor  is  present  (e.g,  plants 
with  massive  suspensors,  snch  as  Geranium,  TropaK)lum,  many 
Grasses;  also  most  Leguminosee).  Here  the  embryo  is  de- 
veloped entirely  from  the  embryo-cell.  In  some  cases  (Viciese, 
Coniferae)  the  embryo-cell,  on  the  other  hand,  contributes  to  the 
elongation  of  the  suspensor.  In  many  cases,  however,  the  lowest 
cell  of  the  suspensor  contributes  in  part  (e,g,  Capsella,  Fig.  286)  or 
entirely  (e.g.  Alisma,  Fig.  287)  to  the  construction  of  the  embryo. 

The  suspensor  may  be  regarded,  in  most  cases,  simply  as  a 
temporary  organ  of  the  embryo  :  but  it  occasionally  pi^esents  such 
a  degree  of  independence  of  growth,  that  it  assumes  the  character 
rather  of  a  proembryonic  organism,  making  the  embryogeny 
heteroblastic,  than  of  a  mere  organ  (see  p.  14). 
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The  following  are  noteworthy  pecaliarities  in  the  morphology  and  phymolo'/y 
of  the  saspensor.  It  is  generally  a  filament  oonsistlng  of  a  longer  or  shorter 
single  row  of  cylindrical  cells,  sharply  defined  from  the  rest  of  the  embryo  :  in 
some  oases  it  consists  of  several  snoh  rows  {e,g,  Glaucinm,  Vicieie) :  in  others 
it  is  massive  (see  above),  consisting  of  a  namber  of  cells  covering  the  posterior 
end  of  the  embryo,  and  not  sharply  defined  from  it:  sometimes  it  conmsts 
of  a  single  cell  (e.g,  Fnnkia) :  in  some  plants  (e.g.  ViciesB)  the  segments  of 
the  saspensor  are  coenocytic.  Barely,  it  is  differentiated  at  a  relatively  late 
stage  of  embryogeny  {e,g.  CytUui  Laburnum,  and  some  other  Leguminosio).  Its 
common  function  is,  by  its  growth,  to  force  the  embryo  into  the  nutritive  tissne 
of  the  seed,  and  it  is  usually  attached  by  its  upper  end  to  the  mioropylar  end 
of  the  embryo-sac :  but  it  is  not  unfrequently  adapted,  more  particularly  when 
the  embryo- sac  contains  little  or  no  store  of  nutriment,  as  an  organ  of  ab- 
soi-ption.  Thus  in  some  Orchids  {f,g,  An<icamptii  pyranUdalii,  Platanthera 
bifoLia,  Orchis  latifolia),  the  filamentous  suspensor  grows  through  the  wall  of  the 
embryo-sac,  and  out  at  the  micropyle,  reaching  the  wall,  of  the  ovary  where  it 
buries  itself  in  the  tissue  of  the  placenta,  from  the  cells  of  which  it  absorbs 
nutriment  for  the  embryo  attached  to  it«  other  end  in  the  embryo-sac.  Again, 
iu  other  Orchids  (Phalienopsis,  Vauda),  the  primitive  suspensorial  cell  divides 
longitudinally  into  six  cells  which  grow  out  into  long  filaments,  both  upwards 
and  downwards,  enveloping  the  embryo  but  not  leaving  the  ovule,  which  act  as 
absorbent  organs.  In  Tropseolum,  the  suspensor  produces  two  lateral  branches, 
one  of  which  bores  through  thn  wall  of  the  ovule  into  the  cavity  of  the  ovary, 
acting  as  an  anchor  for  the  embryo ;  the  other  penetrates  the  wall  of  the  ovule, 
where  it  is  in  contact  with  the  placenta,  and,  entering  the  placental  tissue,  acts 
as  an  absorbent  organ.  In  Gnetum  the  suspensor  branches  and  bears  an 
embiyo  at  the  end  of  each  branch.  When  the  saspensor  is  massive,  it  is  itself 
a  depository  of  nutrient  subHanoes  for  the  use  of  the  embryo. 

No  suspensor  is  developed  in  the  following  plants :  PUtia  Stratiot^$,  Littera 
ovata,  Epipactii  palustris  and  latifolia^  Cypripedium  ipeetabile,  among  Mono- 
cotyledons; CorydalU  cava,  and  certain  Leguminous  plants,  such  as  the 
MimoseiB  and  some  HedysaresB,  among  Dicotyledons ;  Ginkgo,  among  Gymno- 
sperms. 

In  those  plants  wliicli  have  no  saspensor,  the  development  of 
the  embryo  from  the  oospore  is  simple.  The  oospore  divides 
bj  a  transverse  (basal)  wall  into  two;  then  bj  a  longitadinal 
wall  into  four;  and  then  by  a  second  longitndinal  wall,  at 
right  angles  to  both  the  preceding,  into  eight  cells,  octant<s  of  a 
sphere:  generally  speaking,  from  the  half  of  the  oospore  next 
the  mioropyle  the  primary  root  is  developed,  from  the  other  half 
the  growing- point  of  the  primary  stem  and  the  (one  or  two) 
primary  leaves  or  cotyledons.  The  early  stages  of  the  embryogeny 
are  essentially  the  same  in  those  plants  in  which,  thongh  a  sns- 
pensor  is  present,  it  does  not  contribute  to  the  stmcture  of  the 
embryo,  though  here  it  is  the  embryo-cell  that  divides  into  octants. 
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In  those  plants  which  have  a  saspensor  which  contribntes  to 
the  embryo,  the  embryo- cell  is  not  a  complete  sphere.     It  divides, 

mb. 

4(. 


Pie.  186.— Embryogeny  of  Dicotyledons  m  repTwented  by  CopwlU  Bwio-Poftorii  (di». 
ramnuuio,  after  Goebel  and  Hanatein).  A-D  SnooMaiTe  itages:  mtp.  snapenaor;  emb. 
•mbryo;  i-l,  8-2,  octant-walls ;  a  lowest  cell  of  suspensor,  dividing  in  B  to  form  the  hypo- 
physisl  cell  1^ ;  in  O  the  hypophysial  coll  has  divided  into  two,  hj  and  fc,,  the  former  ooii- 
•Uhiting  the  periblem,  the  latter  the  dermatogen,  of  the  growing-point  of  the  primary 
root ;  in  D,  k,  has  undergone  a  periclinal  division  to  form  the  primitive  root-cap :  d  derraa- 
to««i;  e  periblem ;  pi.  plerome}  eoi.  cotyledons,  between  which  Ues  the  growing-point  of 
tlw  Iirimary  stem. 

M  a  rale,  into  two  by  a  longitudinal  wall,  then  transversely,  and 
then  in  a  plane  to  both  the  preceding,  into  octants;  but  while 
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the  four  anterior  octants  are  octants  of  a  sphere,  this  is  not  the 
case  with  the  four  truncated  posterior  octants  abutting  on  the 
saspensor.  In  some  cases,  the  transverse  division  precedes  the 
longitudinal.  From  the  anterior  octants  are  developed,  in  Dicotyle- 
dons generally  (Fig.  286),  the  two  cotyledons  and  the  growing- 


Fio.  287.— Ttrabrjogany  of  Monocuty1odon«,  aa  represented  by  A^isma  Tlantago  (dfa^rftm- 
mntic,  afler  Goebel,  HunRtein,  and  Famintsin).  A-C  Suoceesive  stagee  :  a  embryo-oell ; 
b  lowest  cell  of  saspensor,  mup. :  the  producte  of  the  repeated  trausrerse  division  of  h  are 
indicated  (c,  d,  •,/)  in  B  and  C.  In  C,  a  has  given  rise  to  the  single  terminal  co^ledon  ; 
cto  t)>e  growing-point  of  the  primary  stem;  d  and  •  form  the  hypocotyl;  ibe  growing- 
point  of  the  root  is  developed  from/;  tp  dermatogen.  D  is  a  mature  embryo,  less  highly 
mnu'nifled:  cot.  cotyledon;  »L  growing-point  of  stem;  )^yp.  bypocotyL  The  nuclei  of 
the  cells  are  indicated  in  A  and  B» 

point  of  the  primary  stem,  but  the  growing-point  of  the  primary 
root  is  supplied  from  the  last  cell  of  the  suspensor  (Fig.  286 
A,  a)  which  divides  tmnsversely  into  two  (Fig.  286.5)  and  con- 
tributes the  cell  /i,  the  hypophysis j  to  complete  the  root-end. of  the 
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embryo.  In  MonocotjledoQH,  on  the  other  hand,  the  emhrjo-coll 
^ves  rise,  as  a  rnle  (Fig.  287  A  and  0,  a),  only  to  the  single  ter- 
minal cotyledon ;  whilst  the  last  cell  of  the  snspensor  (Fig.  287 
A,  h)  gives  rise  to  the  growing-point  of  the  stem,  which  is  here 
lateral  (Fig.  287  0,  c;  D,  «0>  *^d  ^  ^^^^  ^^  *^®  root  by  a  hypo- 
physial cell  (/). 

In  two  ewea  only  {Cephalotaxus  Fortunei,  Arauearia  hr€uiVana,  both  Gymno- 
Bperms)  are  the  ootyledooa  and  the  growing-point  of  the  primary  stem 
developed  endogenously :  here  they  are  at  first  covered  by  some  cells  at  the 
apex  of  the  embryo,  which  are  eveDtaally  thrown  off. 

Iq  a  few  exceptional  Monocotyledons  {e.g,  Bioscoreacess,  Gommelynaceie)  the 
growing-point  of  the  primary  stem  is  developed,  not  laterally,  bat  apically, 
and  the  cotyledon  is  lateral.  In  some  Dicotyledons  {e.g.  Cat-um  BuWoccutainunt 
Bammeului  Fiearia)  the  embryo  is  pieudo-monocutylfdtmotu;  that  is,  only  one 
eotyledon  is  developed  though  two  are  originally  indicated. 

In  the  Qymnosperms,  the  number  of  cotyledons  varies  from  one  of  fifteen. 

With  regard  to  the  histological  differentiation  of  the  embryo, 
the  first  step,  after  the  division  into  octants,  is  the  formation  of 
periciinal  walls  marking  ofE  a  superficial  layer,  which  is  the 
dermatogen  (Figs.  286,  287)  ;  this  differentiation  proceeds  from 
the  anterior  end,  or  apex,  backwards  towards  the  posterior  end  of 
the  embryo.  In  those  plants  in  which  the  root-end  of  the  embryo 
is  formed  by  a  hypophysial  cell  contributed  by  the  snspensor 
(Fi^.  286  B,  h),  the  dermatogen- layer  is  completed  by  the  peri- 
ciinal division  of  the  hypophysial  cell,  the  inner  cell  forming  the 
periblem  of  the  growing- point,  the  enter  forming  the  dermatogen 
which  undergoes  further  periciinal  division  to  form  the  primitive 
root-cap.  In  the  meantime,  anticlinal  and  longitudinal  walls 
have  algo  been  formed,  so  that  the  embryo,  as  it  increases  in  size, 
consists  of  an  increasing  number  of  cells.  The  degree  of  histo- 
logical differentiation  attained  varies  widely  :  in  the  highest  forms 
(Fig.  286  D)  a  cylinder  of  plerome  is  differentiated  in  the  axis 
of  the  embryo,  so  that  the  three  primary  tissue-systems,  der- 
matogen, periblem,  and  plerome,  are  clearly  defined. 

The  degree  of  morphological  differentiation  attained  by  the 
embryo  in  its  intra-seminal  development  also  varies  widely,  as 
does  also  the  size  of  the  embryo.  In  the  ripe  seed  of  most  Orchids 
and  parasitic  plants  (e.g.  Orobanche,  Monotropa,  etc.),  the  body  of 
the  embryo  presents  no  differentiation  into  members.  In  most 
plants,  the  embryo,  in  the  ripe  seed,  consists  of  the  following 
members:    (a)  one,   two,  or  several  cotyledons;    (6)  a   primary 
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stem  bearing  the  cotyledon  or  cotyledons,  bnt  not  projecting  be- 
yond them,  termed  the  hypocotyl,  passing  posteriorly  into  (c)  the 
primary  root  or  radicle.  In  some  plants  (e,g,  Triticnm  and  other 
Grasses,  Phaseolns,  Vicia,  Amygdalus,  etc.)  the  primary  stem  has 
elongated  beyond  the  insertion  of  the  cotyledon  or  cotyledons, 
and  bears  the  radiments  of  f  atare  foliage-leaves  :  this  portion  of 
the  primary  shoot  is  termed  the  plumule  or  epicotyl. 

The  size  and  textore  of  fche  cotyledons  vary  with  the  f  anctions 
which  they  have  to  perform.  When,  as  in  exalbuminons  seeds, 
snch  as  peas  and  beans,  the  cotyledons  are  themselves  the  store- 
houses in  which  food  is  deposited  for  the  nutrition  of  the  embryo 
during  its  extra-seminal  development,  they  are  relatively  large, 
thick,  and  fleshy ;  but  when,  as  in  albuminous  seeds  (e.g.  Bicinus, 
Grasses,  etc.),  the  food  is  stored  in  the  endosperm,  the  cotyledons 
are  absorbent  organs  and,  though  still  relatively  large,  are  not 
thick  and  fleshy. 

In  a  few  Phanerogams  (e.g.  Utricalaria,  which  never  developes 
any  root,  Buppta  rostellata^  Woljffia  arrhiza)  no  primary  root  is 
developed  or  even  indicated. 

The  extra- semival  development  of  the  embryo  may  be  briefly 
stated  as  follows : — The  first  event  is  the  elongation  of  the  hypo- 
cotyl,  with  the  result  that  the  radicle  passes,  through  the  micropyle, 
out  of  the  seed  into  the  soil,  where  it  becomes  firmly  attached: 
when  (as  in  some  Gymnosperms,  Grasses,  Tropseolum)  the  g^wing- 
point  of  the  root  is  developed  deep  in  the  tissue  of  the  embryo, 
the  radicle,  before  it  can  escape  from  the  seed,  has  to  penetrate 
this  more  or  less  considerable  mass  of  tissue  which  can  be  seen, 
on  examining  the  germinated  seed,  as  a  collar,  termed  the 
coleorhiza^  surrounding  the  base  of  the  radicle.  The  other  mem- 
bers then  escape  from  the  seed,  the  coat  of  which  becomes  more 
or  less  split.  In  those  cases  in  which  the  growth  of  the  hypocotyl 
is  active,  the  cotyledons  appear  above  the  surface  of  the  soil,  that 
is,  they  are  epigean  (e,g.  Cncurbita,  Bicinus,  Badish,  Sunflower, 
Scarlet  Bunner,  etc.,  most  Gymnosperms),  either  leaving  the  seed- 
coat  in  the  soil,  or  carrying  it  up  to  the  surface.  In  those  cases  in 
which  the  growth  of  the  hypocotyl  is  comparatively  slight,  the 
cotyledons  do  not  reach  the  surface  of  the  soil,  that  is,  they  are 
hypogean  (e,g,  Vicia  Faha^  Pea,  Grasses,  etc.)  :  here  it  is  the 
epicotyl  (plumule)  which  grows  rapidly,  and  is  the  first  member 
to  appear  above  ground.  The  part  which  first  appears  above 
groand.  whether  it  be  hypocotyl,  epicotyl,  or  cotyledon,  usually 
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does  so  in  the  form  of  an  arch,  so  that  the  apex  is  not  exposed 
to  injarj  whilst  the  member  is  forcing  its  way  up  through  the 
soil. 

Epigean  cotyledons  become  green  in  colour,  and  in  many  cases 
(e,g.  Sunflower,  Radish)  assume  the  appearance,  and  discharge 
the  functions,  of  foliage-leaves ;  but  they  do  not  ever  precisely  re- 
semble, either  in  size  or  form,  the  true  foliage-leaves  of  the  plant 
to  which  they  belong. 

Vegetaiice    Prrjpagation   is  common   among    Phanerogams,    by 


y 
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Fio.  288.— Germination  of  poUen-frrain  of  Lilium  Martagon  (x760:  after  GnignardX  A 
Young  pollen-grain:  c  centrospheres ;  n  resting  nucleus.  B  Commencement  of  germina- 
tion :  n  the  dividing  nucleus ;  o  centrospheres.  C  Cell-formation  has  taken  place,  result- 
ing  in  the  formaii«»n  of  the  generative  cell  g;  n  nucleus  of  remainder  of  pollen-grain  (is. 
▼egetaUve  oell). 

means  of  bulbs  (e.g.  Lily,  Onion,  and  many  other  Monocotyledons),, 
tubers  (Potato),  tuberous  roots  (Dahlia),  etc. 

B.  The  Gametophtte.     As  all  Phanerogams  are  heterosporons, 
the  sexual  generation  is  represented  by  two  individuals,  a  male 

Y.  S.  B.  GO 
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and  a  female«  developed  respecfcively  from  tbe  microspore  and  the 
macros  pore. 

The  Male  PratJialUum  is,  in  all  cases,  filamentons  and  relatively 
small,  consisting  of  but  few  cells.  The  first  indication  of  its 
development  is  the  division  of  the  nucleus  of  the  microspore, 
which  may  take  place  even  before  the  microspore  escapes  from 
the  microsporangium,  and  this  is  followed  by  cell- formation.  In 
the  Angiosperms  (Fig.  288)  the  cell-formation  is  simple,  consisting 
in  the  aggregation  of  protoplasm  round  one  of  the  two  nuclei  >witb- 


Fio.  2S9.— Dovelopment  of  male  prothBlIiam  from  the  pollen-grnun  of  the  Yew :  A  early 
Ptasre.  B  Later  stage:  tt  stalk-cell;  an  aotheridial  cell;  n  nncleas  of  the  large  TegetaUve 
cell  which  has  grown  oat  into  the  pollen'tabe.  In  B  the  generative  cell  is  tniTelUng  down 
the  pollen-tube  as  a  preliminary  to  fertilisation.    ( x  300 :  after  BetajefT.) 

out  any  formation  of  cell-wall,  so  that  a  small  primordial  cell, 
the  generative  cell,  is  formed,  floating  freely  in  the  protoplasm 
of  the  microspore  which,  with  the  other  nucleus,  constitutes 
the  vegetative  cell.  In  the  Grymnosperms  the  process  is  rather 
more  complicated.  In  the  simplest  case  {e.g.  the  Yew,  Fig. 
289)  the  microspore  divides  into  two  cells,  separated  by  a  cell- 
wall  ;  of  these  the  one,  the  antheridial  cell,  undergoes  division 
into  two,  a  stalk-cell  (st)  and  a  generative  cell  (an);  whilst  the 
other  remains  as  an  undivided  vegetative  cell.     In  some  cases 


QBOUP  IV. — PHANEEOGAMIA. 


449 


however  (e.g.  Larch,  Ginkgo,  Fir,  Ephedra),  generally  three  eellg 
are  successively  cut  off  by  parallel  septa  (Fig.  290)  :  of  these, 
the  two  first  formed  are  merely  vegetative  prothallial  cells,  and 
undergo  disorganisation,  whilst  the  last  is  the  antheridial  cell,  and 
undergoes  division  into  a  generative  cell  and  a  stalk-cell.  ]n 
ifMne  cases  (Ginkgo,  Ephedra,  Cycads)  the  second  prothallial  cell 
persists ;  and  it  appears  that  in  the  Gnet<ice8B  the  antheridial  cell 
does  not  divide  to  form  a  stalk-cell  bat  is  actually  the  generative 
cell. 

In  both  Angiosperms  and  Gymnosperms,  the  pollen- tube  is 
formed  by 
the  out- 
growth of 
the  large 
vegetative 
cell :  in  both 
cases  the 
generative 
cell  (after 
being  set 
free  when 
necessary) 
enters  the 
poUeii-tube, 
together 
with  the  ve- 
getative nu- 
cleuR,  and, 
in  Gymno- 
spe  r  ms, 
with  the  nu- 
cleos  of  the 
stalk  -  cell ; 
the  vegeta- 
tive nucleus 

becomes  disorganised  (Fig.  289  B,  n),  whilst  the  generative  cell 
undergoes  division  into  two;  either  into  two  equal  generative 
cells,  as  is  generally  the  case,  or  into  two  unequal  cells  only  one 
of  which  is  generative  (e.g.  Taxus).  More  than  one  pollen-tube 
may  be  developed  from  the  microspore  (Fig.  283). 

Thus  the  male  individual  in  the  Phanerogams  is  a  prothallium 


Fio.  2(K>  — Development  of  the  mule  prothallinm  of  Qinkgo  biloba.  A 
Pollen-giuin  in  which  cell  division  i»  proceeding  whilst  still  in  the 
pollen-sao ;  n  nnolens  :  pr  three  prothallial  cells,  the  innermost  uf 
which  is  the  antheridial  cell.  B  Older  pollen-grain  developing  a 
pollenrnbe;  pr  prothallial  cells;  n  nucleos  of  pollen-tube,  (x  40: 
afttfr  Strasbnrger.) 
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consisting  of  bat  few  cells,  and  the  antheridinm  is  at  most  two- 
celled  :  the  generative  cell  represents  a  spermatozoid-mother-cell, 
the  protoplasm  of  which  is  not,  however,  differentiatad  into  a 
spermatozoid,  bat  simplj  constitates  a  male  cell. 

The  male  cell  is  a  small  nucleated  primoi*dial  cell  in  the  pollen- 
tabe,  and  is  either  the  onginal  generative  cell  itself,  or  a  product 
of  its  division.  It  is  eventually  extraded  through  the  apex  of 
the  pollen-tube. 

The  Female  ProthalUum  is  developed  in  the  interior  of  the 
macrospore  (embryo-sac)  in  a  similar  manner  to  that  of  the 
heterosporoas  Pteridophyta :  but,  in  the  Phanerogams  it  does  not 
at  any  period  project  from  the  macrospore  as  it  does  in  the 
Pteridophyta,  though  this  occurs  exceptionally  in  the  Cycadace» 
among  Gymnosperms,  and  in  Avicennia  among  Angiosperms. 

The  development  of  the  prothal- 
lium  (or  endosperm)  is  simple  in  the 
Gymnosperms.  The  nucleus  of  the 
macrospore  divides;  repeated  nu- 
clear division  takes  place,  until  a 
large  nuii.ber  of  nuclei  are  formed 
which  lie  in  the  pi'otoplasm  round 
the  wall  of  the  macrospore ;  between 
these  nuclei  cell-walls  are  developed, 
so  that  a  cellular  tissue  is  produced, 
the  cells  of  which  grow  and  multi- 
ply by  division  until  the  cavity  of 
the  macrospore  is  entirely  filled  with 
this  tissue  which  constitutes  the 
prothallium.  In  Guetum,  however, 
the  development  of  the  prothallinm 
is  not  completed  until  fertilisation 
has  taken  place. 

In  the  Angiosperms  the  develop- 
ment of  the  prothallinm  is  more 
complicated  in  that  it  generally 
takes  place  in  two  stages,  the  one 
preceding,  the  other  following,  fer- 
tilisation.  The  naclens  of  the  ma- 
crospore divides  into  two  :  of  these 
the  one  travels  to  the  micropylar  pole,  the  other  to  the  chalazal 
pole,  of  the  macrospore ;  each  nucleus  then  divides,  and  each  of 


Fie.  291. —The  female  prothftllium 
of  Gjmnosperinft,  shown  in  a  longita- 
dinal  section  of  the  ovule  ( x  abont 
16 ;  diagrammalic) :  it  integument ; 
m  micropyle.  K  Nncellus  (macroepo- 
rangium).  B  Embryo-sac  (macro- 
spore); «  female  protbaldum  (endo- 
sperm), in  which  are  sitUMted,  towards 
the  micropyle,  two  archegonia,  c, 
with  neek  H;  pt  pollen-tnbe  entering 
the  neck  of  the  left  archegonium; 
p  pullen-grain  seated  on  the  apex  of 
the  nucelloB. 
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the  fonr  bo  formed  divides  again,  so  that  eight  nnclei  are  formed, 
fuar  at  the  micropylar,  and  fonr  at  the  chalazal  pole  of  the 
macrospore;  one  nucleus  is  then  conveyed  from  each  pole  to- 
ward the  centre  of  the  macrospore,  where  the  two  nuclei  meet 
and  fuse  into  one  which  is  termed  the  definitive  nucleus  of  the 
macrospore  or  embryo-sac.  Three  nuclei  now  lie  at  each  pole, 
and  around  these  aggregation  of  protoplasm  takes  place,  so  that 
cells  are  formed :  those  at  the  chalazal  pole  soon  acquire  a  cell- 
wall,  and  are  termed  antipodal  ^  m  c 
ceUs:  those  at  the  micropylar 
end  do  not  form  any  cell- wall ; 
one  of  them  is  the  female  re- 
prodnetive  cell  or  oosphere, 
the  other  two  are  sterile 
(thoogh  in  rare  cases  they 
are  fertile),  and  are  termed 
the  sytiergidcBj  the  three  to- 
gether constituting  the  egg- 
apparatta.  This  is  the  extent  to 
which  the  development  of  the 
female  prothallium  takes  place 
previously  to  fertilisation  (Fig. 
292).  In  most  Angiosperms 
the  structure  of  the  prothal- 
lium is  completed  by  the  for- 
mation, after  fertilisation  has 
taken  place,  of  additional  cel- 
lular tissue :  this  process  is 
initiated  by  the  division  of 
the  definitive  nucleus  of  the 
macrospore,  nuclear  division  is 
repeated,  cell-formation  takes 
place,  in  the  manner  described 
tbove  for  the  Gymnosperms, 
and  the  macrospore  becomes  more  or  less  completely  filled  with 
cellular  tissue,  commonly  termed  endosperm. 

In  a  nomber  of  diootyledonons  plants  {e.g,  LoranthacesB.  Orobanohacefe, 
I^iatflB,  CampannlaceaB)  where  the  embryo-sao  is  long  and  narrow,  the  endo- 
spenn  is  developed  by  cell-division  :  the  embryo-sac  is  divided  by  two  or  more 
transverse  septa  and  longitudinal  divisions  follow.  And  even  when  the  de- 
▼elopmeut  of  the  endosperm  begins  with  free  cell-formation,  its  further  develop- 
ment is  effected  by  the  growth  and  division  ol  the  first-formed  cells. 


Fio.  292.— The  feroale  prothallium  of  An- 
f^ofiperinB,  shown  in  a  longitudinal  Mectlon  of 
the  ovule  ( x  70) :  at  oater,  ii  inner,  intega- 
ment ;  m  mioropyle ;  /  ftinicle.  K  Mauros- 
poranfdum  (nucollut).  B  Macrospore  (em- 
bryo-^ac).  h  DeBnitive  nucleuR  of  the  em- 
bryo-sao.  The  female  prothallium  consists 
of  the  egsr-apparatas  at  the  micropylar  end 
of  the  macrospore,  and  of  the  group  of  anti- 
podal cells  at  at  the  chalasal  end.  The  ega- 
apparatus  consists  of  two  sjnergidee  t,  and 
an  oosphere  «. 
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The  de^ee  of  doTelopment  attained  by  the  eDdo8|M>rm  in  Angioeperms  is 
various.  Wliilst,  as  a  rule,  it  completely  fills  the  embryo* sao,  leaving  room, 
however,  for  the  embryo,  in  some  cases  it  occupies  but  a  portion  of  th«» 
embryo-bac,  as  in  the  Cooo-nut,  where  it  forms  a  thiuk  parietal  layer ;  or,  at  in 
Nymphiea,  Nuphar,  Anthurium,  Viscum,  Lathrsa,  Thesium,  Bhinauthus,  etc., 
where  the  developmAnt  of  endosperm  is  confined  to  the  upper  half  of  the 
embryo-sac.  In  some  cases  the  endosperm  is  rudimentary,  being  represented 
merely  by  a  number  of  nuclei,  as  in  Tropsolum,  Trapa,  Naiadaoeie,  Alismacen, 
OrchidaoesB  ;  and  in  Canua  even  this  rudimentary  development  is  wanting. 

The  antipodal  cells  do  not,  as  a  rule,  undergo  any  further  development,  bnt 
in  some  cases  {e.g,  some  Graminace»)  they  have  been  observed  to  divide  and 
give  rise  to  a  considerable  mass  of  cells. 

The  female  organ  is  essentiallj  an  archegonium.  In  most 
'Gy mnosperms  it  is  actually  an  arcfae^oniam,  like  that  of  the 
Pteridophyta ;  it  is  developed  from  a  single  saperficial  cell  of  the 
prothallium  at  the  micropylar  end,  and  has  a  neck,  containing  a 
canal-cell,  leading  to  a  ventral  cavity  in  which  lies  the  fenatle  cell 
or  oosphere ;  bat  in  Welwitschia  the  archegontam  is  reduced  to  a 
single  cell  with  a  cell-wall ;  and  in  Gnetam  to  a  single  cell  with* 
oat  a  cell- wall,  the  oosphere.  In  the  Angiosperms  the  female 
organ  i*esemb1es  that  of  Gnetam,  in  that  it  is  reduced  to  a  single 
naked  cell :  the  three  cells  constituting  the  egg-apparatus  repre- 
sent each  an  archegonium  reduced  to  a  single  cell ;  but  in  one 
only  is  this  cell  a  true  fertile  oosphere,  the  other  two  (the  syner- 
gidte)  being  sterile  as  a  rale. 

In  a  few  plants  the  egg-apparatus  consists  of  but  two  cells  (the  rule  in  Santa- 
Inm  ulbum ;  occasionally  in  Ornitliogalum  nutant,  Sinningia,  Gomphrena,  some 
Orchids  such  as  Orcitu  latifolia,  Cypripedium  Calceolutf^Gymnadenia  Conopaea, 
some  Mimoseae) :  it  woal4  appear,  that,  in  sach  a  case,  there  has  been  but  one 
nuclear  division  in  the  micropylar  end  of  the  embryo-sao.  Both  the  cells  are 
susceptible  of  fertilisation,  and  are  therefore  both  to  be  regarded  as  oospheres. 

In  some  plants  (Crocus,  Gladiolus,  Torenia  Fig.  285,  Santalum)  the  syner- 
gidsB  become  elongated,  and  penetrate  the  wall  of  the  embryo-sac ;  their  project- 
ing ends  are  longitudinally  striated  and  are  covered  with  a  coat  of  cellulose : 
these  structures  are  sometimes  spoken  of  as  the  Jiliftirm  apparattu. 

In  Gasuariua,  the  cells  of  the  egg-apparatus  (when  fertile)  are  surrounded  by 
cell-walls  (like  the  oosphere  of  Welwitschia) :  no  antipodal  cells  are  developed. 

Pollination,  In  view  of  the  fact  that  the  female  cell  (oosphere), 
and  the  prothallium  bearing  it,  i*emain  (as  a  rale)  permanently 
enclosed  in  the  macrospore,  and  that  the  macrospore  remains  en- 
closed in  the  indehiscent  macrosporangium,  it  is  clear  that  the 
process  of  fertilisation  can  only  be  effected  when  the  microspoi-e 
germinates   in   immediate    proximity   to   the    macrosporangium. 
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The  bringing  of  the  microspore  into  such  close  relation  is  what  is 
termed  pollination.  When  the  pollen  of  anj  one  flower  is  brought 
into  relation  with  the  macrosporangium  of  the  same  flower,  the 
case  is  one  of  self-pollination ;  when  the  pollen  of  anj  one  flower  is 
brought  into  relation  with  the  macrosporangium  of  another  flower 
(whether  on  the  same  plant,  or  on  another  plant  of  the  same 
species),  the  case  is  one  of  cross-pollination. 

The  microspores  when  so  brought  are  placed  under  conditions 
of  moisture  and  nutrition  favourable  to  their  germination.  In 
GjDinosperms,  where  there  is  no  ovary  and  no  stigma,  the  micro- 
spore is  brought  into  direct  contact  with  the  micropyle  of  the 
macrosporangium.  In  the  Angiosperms,  where  thera  is  an  ovary 
and  a  stigma,  the  microspores  cannot  come  into  direct  contact 
with  the  macrosporangium ;  they  fall  upon  the  stigma  and  ger- 
minate on  its  moist  surface ;  the  pollen- tubes  then  grow  down  into 
the  ovary,  down  the  style,  if  there  is  one,  and  finally  enter  the 
ovales  (see  Fig.  280). 

In  certain  cases  flowers,  of  course  ambisporangiate,  are  so 
modified  as  to  ensure  self-pollination :  instances  of  this  are  afforded 
by  species  of  Viola,  Lamium  amplexicaule^  Oxalis  Acetoselloj  and 
others,  where  the  plant  (in  addition  to  the  ordinary  flowers)  bears 
inconspicuous  flowers  which  do  not  open,  and  in  which  self- 
fertilisation  is  perfectly  effected  by  the  pollen;  these  peculiai* 
flowei'S  are  said  to  be  cleistogamous. 

In  the  great  majority  of  Phanerogams,  however,  cross-polli na- 
tion is  the  rule.  In  the  case  of  monosporangiate  flowers  {e.g. 
Oymnosperms)  it  is  clear  that  pollen  must  be  conveyed  from  a 
fitaminate  to  a  carpellary  flower.  It  is  also  known  that  in  a  great 
number  of  ambispoituigiate  flowers,  pollination  is  effected  by  the 
transfer  of  pollen  from  one  flower  to  another :  in  some  of  these 
cases  it  has  been  demonstrated  that  it  is  only  the  pollen  of  another 
flower  which  can  effect  fertilisation;  in  other  cases,  that  the 
pollen  of  the  same  flower,  though  not  absolutely  useless,  has  less 
fertilising  power  than  that  of  another  flower ;  and  in  yet  other 
cases,  that  though  the  pollen  of  the  flower  itself  has  sufficient 
fertilising  effect,  yet  the  progeny  is  less  vigorous  than  when 
pollen  is  supplied  from  another  flower. 

The  conveyance  of  pollen  from  one  flower  to  another  is  effected, 
in  the  case  of  a  number  of  plants  with  inconspicuous  flowers  (e.^. 
Gjmnosperms,  Grasses,  many  Dicotyledonous  Forest- trees),  by 
the  agency  of  the  wind,  when  they  are  said  to  be  anemophilous\  but 
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in  the  caae  of  flowers  which  are  conspicnous  by  their  size,  colonr, 
perfume,  or  by  their  secretion  of  honey,  the  conveyance  is  effected 
by  the  insects  which  are  attracted  to  visit  the  flowers;  such 
flowers  are  said  to  be  entomophiltms. 

In  those  anibisporangiate  flowers  to  which  cross-fertilisation  is 
indispensable,  or  at  least  important,  the  most  various  contrivances 
are  exhibited  for  the  pitrpose  of  hindering  or  limiting  self-pollina- 
tion on  the  one  hand,  and,  on  the  other,  of  facilitating  cross-pol- 
lination ;  or  finally,  in  default  of  cross- pollination,  of  ensuring 
ultimate  self-pollination,  this  last,  of  course,  only  in  those  cases  in 
which  the  pollen  of  the  flower  itself  is  capable  of  fertilising  it ; 
for  it  is  evident  that  self-pollination,  even  if  not  very  advan- 
tageous, is  at  any  rate  of  some  use  to  the  plant. 

Among  the  contrivances  for  the  prevention  of  self-pollination, 
one  of  the  simplest  is  the  arrangement  of  the  anthers  and  stigma 
in  such  positions  that  the  pollen  cannot  possibly  reach  the  stigma 
of  the  same  flower,  e.g.  Aristolochia  (Fig.  293)  :  or  secondly,  the 
abortion  of  all  the  microsporangia  in  some  flowers  and  of  all  the 
macros porangia  in  others ;  in  such  flowers  the  organs  in  question 
are  present,  but  they  are  not  functional.  This  is  an  approach  to 
the  diclinous  condition ;  it  occurs  in  the  Tiger- Lily,  in  which  the 
anthers  are  commonly  abortive  in  some  flowers  and  the  ovaries  in 
others.  Thirdly,  dichogamy  frequently  occurs,  that  is,  that  the 
stigmata  and  stamens  attain  their  functional  activity  at  different 
times  :  flowers  in  which  this  occurs  are  either  protandrouSy  that  is, 
the  anthers  are  first  developed  and  have  already  shed  their  pollen 
when  the  stigma  of  the  same  flower  is  capable  of  receiving  it ;  or 
they  are  protogynous,  that  is,  the  stigma  is  fully  developed  before 
the  anthers  of  the  same  flower  are  ready  to  shed  their  pollen  :  in 
the  latter  case  self-pollination  is  obviously  only  excluded  if  the 
stigma  is  withered  before  the  pollen  Is  shed  ;  there  are,  however, 
protogynous  flowers  in  which  the  stigma  remains  fresh  for  a  long 
time  and  which  may  be  pollinated  by  their  own  pollen.  As 
examples  of  protandrous  flowers,  those  of  the  Urabelliferro,  and 
most  of  the  Composites,  Lobeliacete,  and  Campanulacefe  may  be 
mentioned ;  and  of  protogynous  flowers,  Aristolochia,  Arum, 
Scrophularia  nodosa,  and  some  species  of  Plantago,  but  this  con- 
dition is  less  common  than  the  preceding. 

Among  the  contrivances  which  lead  to  the  cross- pollination  of 
flowers  by  the  agency  of  insects,  the  means  of  tempting  insects  to 
visit  the  flowers,  such  as  bright  colours,  odours,  and  the.  secretion 
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of  honey,  moBt  be  first  mentioned.  The  pecniiar  marking  of  the 
flower  serves  in  many  cases  the  purpose  of  gniding  insects  to  the 
nectarj.  The  form  of  the  flower,  the  situation  of  the  honey,  the 
position  of  the  stamens,  and  their  relation  to  the  other  parts  of  the 
flower,  particularly  to  the  stigma,  the  relative  dtfvelopment  in 
point  of  time  of  the  different  pnrts,  all  these  circumstances  com- 
bine and  co-operate  to  secnre  cross- pollination,  and  sometimes  to 
allow  of  the  visits  of  particular  insects  only,  as,  for  instance,  of 
batterflies  with  long  probosces,  though  there  are  also  cases  in 
which  the  insects  must  occasionally  convey  the  pollen  to  the 
stigma  of  the  same  flower.  A  simple  arrangement  of  this  kind 
known  as  heterostylism  or  dimorphism,  and  which  occurs  in  species 
of  Primula,  Pulmonaria,  Linum,  Polygonum,  etc.,  may  be  men- 
tioned here.  These  plants  have  two  forms  of  flowers;  in  one 
form  the  stamens  are  short  and  the  style  much  longer,  so  that  the 
stigma  projects  above  the  anthers;  in  the  other  form,  on  the 
contrary,  the  anthers  are  on  long  filaments  above  the  stigma; 
they  are  both  so  constructed  that  the  anthers  of  one  form  stand  on 
the  same  level  as  the  stigma  of  the  other.  From  the  position  of 
the  nectary,  and  the  form  of  the  rest  of  the  flower,  an  insect 
visiting  it  is  obliged  to  take  up  the  same  position  at  each  visit ; 
conseqoently  after  it  has  visited  a  flower  of  the  one  form,  when 
it  visits  a  flower  of  the  other  form,  it  touches  the  stigma  of  the 
latter  with  the  same  part  of  its  body  with  which  in  the  first 
flower  it  brushed  the  anthers,  and  thus  the  pollen  which  it 
carried  away  with  it  from  the  anthers  of  the  one  flower  is  trans- 
ferred to  the  stigma  of  the  other.  Observations  made  by  arti- 
flcially  transporting  the  pollen  have  shown  that  fertilisation  is 
most  complete  when  the  pollen  of  stamens  of  a  certain  length  is 
conveyed  to  the  stigma  of  a  style  of  the  same  length.  The  same 
is  the  case  with  trimorphic  plants,  e,g,  Oxalis,  Lythrum  Salicaria  : 
in  these,  three  forms  of  flowers  occur  with  three  different  lengths 
of  styles  and  stamens. 

As  examples  of  more  complicated  contrivances  for  the  purpose 
of  securing  cross- pollination,  Aristolochia  and  Epipactis  may  be 
described. 

The  flower  of  Aristolochia  Clematitis  (Fig.  293)  is  protogynous ; 
insects  can  penetrate  without  difficulty  down  the  tube  of  the 
perianth,  which  is  furnished  on  its  internal  surface  with  hairs 
which  point  downwards,  and  they  thus  convey  the  pollen  they  have 
broaght  with  them  from  other  flowers,  to  the  stigma ;  the  hairs, 
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however,  prevent  their  return.  When  the  pollen  has  reached  the 
stigma,  its  lohes  (Fig.  293  A  and  B  n)  spring  upwards,  and  thus 
the  anthers,  which  now  begin  to  open,  are  made  accessible  to  the 
insects  ;  these,  in  their  efforts  to  escape  (Fig.  293  t),  creep  i*onnd 
the  anthei*s  and  some  of  the  pollen  adheres  to  them;  by  this  time 
the  hairs  in  the  tube  have  withered,  and  the  insect  escapes,  dusted 
over  with  pollen  which,  in  spite  of  experience,  it  proceeds  to  convej 

in  like  manner  to  another  flower. 
Those  flowers  which  are  readj 
for  pollination  have  an  erect 
position,  and  the  tube  of  the 
perianth  is  open  above  so  that 
the  insect  can  readily  enter; 
after  pollination  the  peduncle 
bends  downwards  and  the  tube 
is  closed  by  the  broad  lobe  of 
the  perianth,  so  that  it  is  im- 
possible for  insects  to  enter 
flowers  which  have  been  fer- 
tilised. 

In  the  flower  of  Epipactis 
(one  of  the  Orchidaceee),  the 
anther  is  situated  above  the 
stigma  and  does  not  shed  its 
pollen  in  isolated  grains;  but 
when  a  certain  portion  of  the 
stigma  (the  abortive  anterior 
lobe),  known  as  the  rostellutn 
(Fig.  294  h),  is  touched,  the 
two  pollinia,  together  with  a 
mass  of  sticky  substance  (re- 
tinaculum)  derived  from  the 
rostellum,  are  removed  from  the 
pollen- sacs,  adhering  to  the  for- 

Pie.  298.— Flower  of  Aristolochia.  ^Before,  cign  body  (Fig.  294  F,h).      The 

and  B  after  fertilisation ;  r  the  tube  of  the  insect  Creeps  into  the  flower 
perianth;  k  the  cavity  below;  n  stigma;  a  i_i.    •       i.i'      i.  u*   u     • 

anthers  ;i an  iu«ect;k/ovary.    (After  Bachb.)  to   obtain    the    honey    whlCh    18 

secreted  in  the  cavity  of  ono  of 
the  leaves  of  the  perianth,  the  labellum  (Fig.  294  I)  ;  &a  it  with- 
draws from  the  flower,  it  carries  away  the  pollinia  on  its  head, 
and  on  entering  the  next  flower,  deposits  them  upon  the  stigma. 
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In  the  course  of  frequent  cross-pollination  it  is  inevitable  that 
the  pollen  of  other  species  of  plants  should  be  applied  to  the  stigma ; 
but  while  the  pollen  of  plants  of  widely  different  species  is  whoUj 
without  effect,  that  of  nearlj  allied  species,  particularly  those 
belonging  to  the  same  genus  in  certain  groups,  has  a  fertilising 
effect ;  the  result  of  cross-fertilisation  between  species  is  hybridi- 
gation^  that  is,  the  development  of  a  plant  which  combines  the 
cliRracters  of  both  parent- species  to  a  certain  extent,  and  which  is 
known  as  a  bastard  or  hybrid. 
Hybrids  are  for  the  most  part 
sterile  among  themselves,  but 
are  often  fertile  when  crossed 
again  with  a  plant  of  either 
of  the  parent-species  or  of  some 
allied  species.  While  hybrids 
are  produced  with  great  ease 
in  certain  genera,  as  Salix  and 
Cirsiura,  in  others  the  artificial 
production  of  hybrids  has  never 
yet  been  found  possible  even 
between  very  closely  allied 
species,  as  the  Apple  and  Pear. 

Fertilisation.  As  in  other 
plants,  so  here,  the  process  of 
fertilisation  consists  in  the  fu- 
sion of  the  male  and  female 
reproductive  cells.  The  way  in 
which  it  takes  place  in  Phane- 
rogams  is  briefly  as  follows : — 
The  pollen-tube  makes  its  way 
to  the  female  organ,  entering 
the  neck  of  the  archegonium  in 
the  Gymnosperms,  and  coming 
into  close  relation  with  the' egg- 
apparatus  in  the  Angiosperms. 
The  apex  of  the  wall  of  the 
pollen-tube  is  at  this  time 
macilaginous :  a  small  nu- 
cleated mass  of  protoplasm,  the  male  cell  (see  p.  450),  is  forced  out 
through  the  mucilaginous  membrane,  into  the  oosphere ;  the 
nucleus  of  the  male  cell  {male  pronucleus)  and  that  of  the  female 


Fio.  204.~£ptpae(is  IntifoHa.  A  Longi- 
tailiaal  section  tbroagh  a  ilower-bud.  B 
Open  flower  after  removal  of  the  perianth, 
with  the  exception  of  the  labellum,  I.  CThe 
reproductive  organs,  after  the  removal  of 
the  perianth,  seen  from  below  and  in  front. 
2)  as  B :  the  point  of  a  lead-pencil  (b)  is  in- 
serted after  the  manner  of  the  proboscis  of 
an  insect.  B  and  F  The  lead-pencil  with 
the  pollinia  attached  ifK  ovary ;  I  labellum, 
its  sac-like  depression  serving  as  a  nectary ; 
nthe  broad  stigma;  en  the  connective  of 
the  single  fertile  anther ;  p  pollinia ;  h  the 
rostellum;  x  *  the  two  lateral  staminodes  ; 
%  plHce  where  the  labellum  has  been  cut 
off ;  •  the  gyuostemium.    (After  Sachs.) 
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Fio.  206.— Sections  of  ripe  need.  A  Nvm  vomica, 
ehowing  £  emlosperm.  B  Piper,  showing  both  endo- 
sperm E,  and  perisperm  P.  C  Almond,  devoid  of 
eiidnsiierm ;  •  the  testa;  «  embryo;  to  its  radicle; 
c  c  its  cotyledons. 


cell  (female  pronucleus)  approach  each  other  and  fose  into  one, 
the  two  protoplasms  likewise  fusing.  Fertilisation  is  now  com- 
\  ^^  plete ;     in   conneqaence, 

the  oosphere  sarroands 
itself  with  a  cell- wall, 
becoming  the  ooHpore, 
and  begins  to  develope 
into  the  embryo-sporo- 
phyte.  Further  details 
are  given  in  the  sec- 
tions on  Gymnosperms 
and  Angiosperms  respec- 
tively. 

The  Results  of  Fertilisation.  The  most  direct  result  of  fertilisa- 
tion is  the  development  of  the  embryo  from  the  fertilised  oosphere, 
a  process  which  involves  the  conversion  of  the  ovule  into  the  seed. 
But  the  efPect  of  fertilisation  is  not  limited  to  this :  other  parts 
of  the  flower  are  affected  in  such  a  way  that  they  undergo  marked 
changes  in  structure,  accompanied  by  considerable  increase  in  size, 
the  product  being  the  structure  known  as  the  fruit  (p.  88).  In 
some  cases  the  carpels  only  are  affected,  becoming  either  fleshy 
and  succulent  (e.g.  Plum),  or  dry  and  hard  {e.g.  Poppy) ;  in  others, 
the  floral  axis  becomes  fleshy  (e.^.  Strawberry);  in  others  again 
the  perianth- leaves  also  (e.g.  Mulberry).  It  is  convenient  to 
regard  as  true  fruits  only  those  which  are  developed  from  the 
gynsBcenm  alone ;  and  as  false  fruits,  or  pseudocarps,  those  in  the 
formation  of  which  other  parts  of  the  flower  or  of  the  inflorescence 
take  part. 

The  seed  (p.  88)  is  produced  from  the  ovule,  as  a  consequence  of 
the  fertilisation  of  the  female  cell  contained  within  the  ovule :  its 
characteristic  feature  is  that  it  contains  an  embryo.  The  seed 
(Fig.  295)  may  contain  little  or  nothing  but  the  embryo,  in  which 
case  it  is  said  to  be  exalhuminous  (e.g.  Pea,  Bean,  Sunflower, 
Almond,  Oak):  or  it  may  contain,  in  addition  to  a  small  embryo, 
a  considerable  portion  of  the  female  prothallium  (endosperm),  when 
it  is  termed  albuminous  (e.g.  Grasses  and  most  Monocotyledons, 
Ranuncnlaceae):  in  a  few  rare  cases  the  albuminous  seed  contains, 
in  addition  to  the  embryo  and  endosperm,  some  of  the  nucellar 
tissue  of  the  macrosporangium  which  is  termed  perisperm  (e.g. 
PiperaceoB,  Nymph»ace8B,  Zingiberaceoe)  :  but  generally,  as  in  the 
MusacesB,   CannaceaD,  CaryophyllacesB,  ChenopodiaceoB,   Amarantr 
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aceie,  Phjiolaccaceee,  and  Njctnginaco®,  when  there  is  perisperm, 
there  is  no  endosperm  in  the  ripe  seed. 

A  formation  of  endosperm  takes  place  in  nearly  all  seeds,  even 
exalhnminons  seeds,  but  in  these  latter  it  is  more  or  less  dis- 
oi^anised  and  absorbed  by  the  growing  embryo,  so  that  little  or 
none  remains  in  the  ripe  seed. 

Whether  the  seed  be  albaminons  or  exalbnminons,  it  contains 
(except  in  some  parasitic  or  saprophytic  plants,  snch  as  Orchids, 
etc.)  a  sapply  of  organic  substances  for  the  natrition  of  the 
embryo  daring  its  extra-seminal  period  of  development.  These 
Robstances  may  be  mainly  stored  in  the  cells  of  the  cotyledons,  as 
in  exalbnminons  seeds;  or  in  the  cells  of  the  endosperm,  or  in 
the  cells  of  the  perisperm,  when  present,  as  in  albuminous  seeds. 
The  substances  are  nitrogenous  and  non- nitrogenous.  The  nitro- 
genous substances  are  proteids,  deposited  in  the  solid  form  as 
aleuron  (see  p.  112),  and  are  present  in  all  seeds.  The  non-nitro- 
genous substances  are  starch,  in  the  form  of  starch-grains  (see 
p.  109),  in  starchy  seeds  (e.g.  Cereals,  etc  ) ;  or  fat,  in  the  form  of 
oil-drops  (see  p.  Ill),  in  oily  seeds  {e.g.  Palm,  Castor-Oil,  etc.) ; 
or  cellolose,  in  thickened  cell- walls  {e.g.  Coffee  and  Date). 

The  seed  is  generally  enclosed  in  a  single  integument,  the  testa, 
derived  from  the  outer  integument  of  the  ovule,  the  inner  integu- 
ment of  the  ovule  having  been  absorbed ;  sometimes,  however,  the 
seed  has  two  integuments  derived  from  those  of  the  ovule,  an 
outer  testa^  and  an  inner  endopleuiHi  {e.g,  Euphorbiacesd,  Bosaceie) : 
in  others  again  neither  of  the  ovular  integuments  persists  into  the 
seed,  in  which  case  the  wall  of  the  embryo-sac  is  in  direct  con- 
tact with  the  wall  of  the  ovary. 

In  a  few  cases  additional  integuments  or  appendages  are  de- 
veloped in  connexion  with  the  seed,  such  new  growths  being 
designated  by  the  general  term  aril.  The  aril  may  be  developed 
from  either  the  funicle  or  the  hilum ;  or  from  the  micropyle,  when 
it  is  distinguished  as  an  arillode.  Good  examples  of  a  funicular 
aril,  which  grows  up  round  the  seed  like  an  additional  integument, 
are  afforded  by  the  Yew,  Water- Lily  (Nymphcea),  Passion-Flower. 
The  Willow  has  a  funicular  aril  in  the  form  of  a  tuft  of  woolly 
hairs.  The  most  striking  example  of  a  membranous  micropyla:* 
aril  is  the  Spindle-tree  (Euonymus) :  in  Euphorbia  and  Polygala 
the  micropylar  aril  is  a  small  mass  of  tissue,  and  in  Asclepias  it 
is  a  tuft  of  hairs.  Other  excrescences,  not  especially  connectea 
with  either  the  hilum  or  the  micropyle  (sometimes  distinguished 
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as  caruncles  or  strophioles),  occar  in  certain  plants:  tbas  in  the 
Violet  and  the  Celandine  (Chclidoniam)  an  elevated  ridi^re  marks 
the  coarse  of  the  raphe,  and  iu  the  Willow-herb  (Epilobiam)  a 
tnft  of  hairs  springs  from  the  chalaza. 

The  most  important  point  to  be  considered  is,  however,  that  of 
the  st.ractni*al  conditions  which  determine  the  production  of  a  seed 
in  the  Phanerogams,  the  feature  which  sharplj  defines  this  group 
of  plants  fix>m  all  others.  The  structural  conditions  are  briefly  as 
follows : — the  macrospore  (embryo-sac)  is  not  set  free  from  the 
niacrosporangium  (ovule),  as  is  the  case  in  the  heterosporous 
Pteridophyta;  nor  does  the  macrosporangium  itself  separate  from 
the  plant  producing  it  until  it  has  ripened  into  the  seed:  this 
being  so,  the  macrospore  gferminates  inside  the  macrosporangium, 
producing  there  the  female  prothallium  with  its  reproductive 
organs :  fertilisation  of  the  oosphere,  as  also  the  development  of 
the  embryo  from  the  oospore,  takes  place  inside  the  macrospore ; 
and  thus  the  seed  is  formed.  If  the  macrospore  were  set  free 
from  the  macrosporangium,  no  seed  would  be  formed ;  but  in  that 
case  the  condition  of  things  would  be  that  which  actually  exists 
in  the  higher  heterospoix>us  Pteridophyta,  such  as  Selaginella. 

Some  seeds  can  germinate  as  soon  as  they  are  shed :  but,  for 
th«  most  part,  they  only  do  so  after  a  period  of  quiescence,  though 
they  may  lose  their  germinating  power  if  this  period  be  too  pro- 
longed. 

The  Dissemination  of  the  Seed.  Fruits  are  either  dehiscent^  so 
that  the  seeds  escape,  or  are  indehiscent :  in  the  former  case  the 
seeds,  and  in  the  latter  case  the  fruits,  present  various  adaptations 
for  ensuring  their  dispersion.  The  most  conspicuous  are  those 
which  ensure  dispersion  by  the  wind :  of  this  natare  are  the  wing- 
like  appendages  of  the  fruit  in  the  Maple,  Ash,  Ailanthus,  Elm, 
etc.;  and  of  the  seed  of  Pinus,  Tecoma,  Catalpa,  etc. :  also  the 
hairy  appendages  of  fraits  (e.g,  the  pappus  of  Compositse,  the 
feathery  style  of  Clematis,  etc.),  and  of  seeds  (e.g.  on  those  of 
Gossypium  the  Cotton-plant,  Willow,  Poplar,  Asclepias,  etc.). 
Other  adaptations  ensui^e  dispersion  by  animals;  such  are  the 
hooks  on  fruits  (forming  burrs),  as  in  various  Boi*aginacefe, 
Compositse,  Galium,  etc. :  the  succulence  and  agreeable  taste  of 
many  indehiscent  fruits  also  promotes  the  dispersion  of  the  seeds, 
the  fruits  being  eaten  by  animals  and  the  seed  being  protected 
from  digestion  by  hard  protective  tissue  either  in  the  fruit  (endo- 
carp)  or  in  the  seed-coat  (t«sta).     In  some  cases  (e.g.  EchcUlium 
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Blaterium,  the  Squirting  Caccimber;  Impatiens  nolume-tangere ; 
Oxalis  Acetosella;  Hvra  crepitans)  the  frait  dehisces  suddenly, 
ejecting  and  scattering  the  seeds  with  considerable  force.  Some 
froits,  provided  with  a  long  appendage  (awn),  bore  their  way  into 
the  soil  (e.(f,  Siipa  pennata,  Erodinm). 

The  Life-HUtory  of  the  PhanerogavM  is  essentially  similar  to 
tliat  of  the  het«TOsporons  Pt-eridophyta,  though,  on  account  of  the 
structural  peculiarities  which  bring  about  the  formation  of  a  seed, 
it  is  not  quite  so  easy  to  trace.  The  sporophyte,  or  asexual 
generation,  is  represented  by  the  plant  itself,  bearing  macro-  and 
micro-sporangia  and  macro-  and  micro-spores.  The  g^metophyte, 
or  sexaal  generation,  is  represented  by  the  male  and  female  pro- 
thallia  developed  respectively  from  the  microspore  and  the 
macrospore.  Thus  there  is  a  definite  and  regular  alternation  of 
generations,  since  the  male  and  female  prothallia  can  only  be 
developed  from  the  spores  of  the  sporophyte ;  and,  on  the  other 
hand,  the  sporophyte  can  only  be  developed  from  the  immediate 
prodact  of  fertilisation,  the  oospore. 

The  gametophyte  is  here  very  much  reduced,  even  more  so  than 
in  the  highest  heterosporous  Pteridophyta,  especially  as  regards 
the  female  individual.  In  the  Phanet^ogams,  in  consequence  of 
tbe  indehiscence  of  the  macrosporangium  and  of  its  remaining 
attached  to  the  plant  producing  it,  the  macrospore  germinates 
whilst  still  in  organic  connexion  with  the  sporophyte,  with  the 
remarkable  consequence  that  the  female  individual  (or  pro- 
thalliam)  is  actually  an  appendage  of  the  sporophyte,  and  seems 
to  be  so  much  a  part  of  it  that  its  true  morphological  significance 
is  easily  overlooked. 

The  life-history  of  these  plants  is  made  clear  by  a  morphological 
consideration,  as  indicated  in  the  following  table,  of  the  structure 
of  the  seed  : — 

Seed-coats  .         .         .')  =maorosporangium   of  parent- 

Perisperm  (if  present)  )  sporophyte. 

Endosperm.         .         •     &=  gametophyte :      female     pro- 

thalliam. 
Embryo        .         •         •     =yoang  sporophyte. 

When  a  plant  perishes  after  once  prodncing  flowers  and  seeds, 
it  is  said  to  be  monocarpous.  In  rare  cases  (e.^.  Agave  americann) 
several  or  even  many  years  elapse  before  the  plant  blooms :  more 
common  are  annual  plants  (indicated  by  the  sign  0),  i.e.  such  as 
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complete  the  whole  coarse  of  their  development  in  a  single  year, 
as  the  Wheat;  and  bienniaUj  which  do  not  hlossom  until  the 
second  year  of  their  life,  when  they  perish,  as  the  Tnmip,  Carrot, 
Beetroot,  etc.  By  polycarpous  plants  are  meant  such  as  produce 
flowers  and  fruit  year  after  year;  such  are  trees  and  shmbs,  as 
also  many  herbaceous  plants  which  have  underground  rhizomes, 
tubers,  etc. 

The  group  of  the  Phanerogams  falls  into  two  natural  divisions ; 
the  one  containing  but  a  single  class;  the  other,  two  classes. 

A.  GrMNOSPBRM^. 

Sporophytic  Characters.  The  ovule  is  not  enclosed  in  an  ovary, 
nor  is  there  any  style  or  stigma :  in  pollination,  the  pollen-grain 
enters  the  micropyle  and  comes  into  direct  contact  with  the 
nucellus :  the  flowers  are  never  ambisporangiate,  and  are  generally 
without  a  perianth :  there  are  no  companion-cells  in  the  phloem, 
and  the  secondary  wood  does  not  (except  Gnetacese)  contain  true 
vessels. 

Qametophytic  Characters.  The  female  prothallium  is  completely 
formed  before  fertilisation :  the  female  oi*gan  is  generally  a  well- 
developed  archegonium. 

Class  VIII. — Qymnosp£bmje. 

B.  ANGIOSPERM^. 

Sporophytic  Characters.  The  ovule  is  enclosed  in  an  ovary,  and 
there  is  always  a  stigma:  the  pollen-gitiin  does  not  come  into 
direct  relation  with  the  ovule,  but  falls  upon  the  stigma  and 
germinates  there  :  the  flowers  are  commonly  ambisporangiate  and 
possess  a  perianth :  there  are  companion-cells  in  the  phloem, 
and  the  secondary  wood  generally  includes  true  vessels. 

Gametophytic  Characters.  The  female  prothallium  is  only  partly 
formed  before  fertilisation:  the  female  organ  is  a  reduced  uni- 
cellular archegonium. 

Class  IX. — Monocotylbdones.  The  embryo  has  but  one  cotyle- 
don :  the  ripe  seed  is  usually  albuminous. 

Class  X. — Dicotvlkdones.  The  embryo  has  two  opposite  coty- 
ledons: the  ripe  seed  is  frequently  ezalbuminons. 
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DIVISION  A. 
CLASS  VIIL— GYMNOSPEBM^. 

The  plants  of  this  class  .are  all  perennial  trees  and  shrabs,  for 
the  most  part  evergi*een  :  thej  are  classified  into  the  three  natnral 
orders,  CjcadacesB,  ConifersB,  and  Onetace®. 

The  Spokophtte. 

General  Morphology  of  the  Vegetative  Organs,  The  bodj  is  dis- 
tinctly differentiated  into  stem,  leaf,  and  root. 

The  Stem  grows  above  gronnd,  n'snallj  erect,  bnt  climbs  in 
several  species  of  Grnetnm :  it  is  woody,  and  is  generally  branched 
monopodially :  the  symmetry  of  the  main  stem  is  radial,  whilst 
that  of  the  branches  is  frequently  bilateral,  either  isobilateral  (e.^. 
Thnja,  phylloclades  of  Phyllocladns)  or  dorsi  ventral  (e,g,  Thujopsis 
dolabrata,  Abies  Nordmanniana  and  concolor^  Taxns,  Torreya,  and 
many  other  Coniferee  in  which  the  branches  are  horizontal).  The 
branches  in  many  ConifersB  (e,g,  Pinus,  Sciadopitys,  Phyllocladns, 
Larix,  Taxodiam,  Cedrus,  Ginkgo)  are  dimorphous,  being  either 
long  shoots  or  dwarf-shoots  (see  p.  39) :  in  Phyllocladns  the 
dwarf -shoots  are  developed  into  phylloclades ;  in  the  other  forms 
the  dwarf -shoots  all  bear  foliage-leaves  and  fall  off,  sooner  or  later, 
with  the  leaves  which  they  bear:  in  Pinus  and  Sciadopitys  the 
dwarf-shoots  alone  bear  foliage-leaves,  whilst  in  the  other  gcneiti 
the  long  shoots  bear  foliage-leaves  as  well. 

The  Leaves  ai*e  either  foliage-leaves  or  scale-leaves.  The  foliage- 
leaves  are  either  small  and  numerous,  as  in  the  ConifersB  ;  or  large 
and  few,  as  in  the  Cycadaceas,  and  as  in  Welwitschia  where  there 
are  only  two  foliage- leaves :  they  are  branched  only  in  the 
CycadacesB:  they  are  sessile  in  the  Coniferas  and  in  Welwitschia: 
their  growth  is  basal :  their  form  varies  considerably,  one  of  the 
most  peculiar  forms  being  that  characteristic  of  certain  Coniferaa 
(Abietineaa)  where  the  leaf  is  needle-like  (acicular)  and  either 
flattened  or  prismatic  and  angular.  Larix,  Ginkgo,  Taxodium 
dxstichumf  and  Glyptostrobus,  are  the  only  forms  in  which  the 
leaves  fall  annually ;  in  the  others  the  leaves  persist  for  two  to 
ten  years,  or,  as  in  Welwitschia,  throughout  the  life  of  the  plant. 
Foliage-leaves  are  absent  in  Phyllocladus  and  generally  in  Ephedra. 
A  certain  amount  of  heterophylly  is  observable  in  some  cases : 
thas  the  leaves  of  the  shoots  bearing  flowers  sometimes  differ  from 
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those  of  the  vegetative  shoots,  as  in  Dacrydium  cfipressinvm,  where 
the  leaves  of  the  fertile  shoots  are  scale-like  and  radially  arranged, 
whilst  those  on  the  vegetative  shoots  are  linear  and  are  arranged 
in  two  lateral  rows  ;  or  as  in  Sequoia  gigantea  where  the  leaves  of 
the  fertile  shoots  are  shorter,  broader,  and  more  closely  arranged 
than  of  the  vegetative  shoots :  or  the  younger  leaves  may  differ 
from  the  older,  as,  for  instance,  in  certain  CapressineoB  with  scale- 
like foliage-leaves,  where  the  first  foliage- leaves  of  the  young 
stem  are  acicnlar  (Thuja),  or  where  some  of  the  branches  bear 
Acicular  leaves  (Ji)niperus) :  or  in  these  same  Capressineie  (e.g. 
Thaja)  the  leaves  borne  on  the  flanks  of  the  shoot  differ  in 
shape  from  those  on  the  upper  and  lower  surfaces,  the  latter 
being  further  distinguished  by  having  each  a  resin-receptacle  (see 
Fig.  306,  p.  486). 

Scale-leaves,  destitute  of  chlorophyll,  occur  in  nearly  all  the 
CycadacesD,  in  most  Conifers  (absent  in  most  Cupressineee  and 
Araucai*ie8B)  and  in  Ephedra  (GnetacesB).  In  the  CycadacesB  the 
scRle-leaves  are  present  in  great  number,  completely  covering  the 
surface  of  the  stem,  and  are  developed  at  the  growing-point  alter- 
nately with  the  foliage-leaves,  but  in  much  grater  numbers:  in 
PinuB,  Phyllocladus,  and  Sciadopitys,  the  scale-leaves  are  the  only 
leaves  borne  by  the  long  shoots;  in  Phyllocladus  and  Ephedra 
they  are  the  only  vegetative  leaves. 

The  Primary  Boot  always  persists  as  a  tap-root. 

Oeneral  Histology,  The  Stem,  The  growing-point  of  the  stem  is 
generally  described  as  presenting  in  the  AbietinesB  a  well-marked 
differentiation,  into  dermatogen,  periblem  and  plerome,  whilst  in 
the  other  Coniferee  the  distinction  between  periblem  and  plerome 
is  less  clear,  and  in  Ephedra  even  the  distinction  between  derma- 
togen and  periblem  is  not  definite ;  it  has  been  asserted  from  time 
to  time,  though  without  absolute  demonstration,  that,  in  the  Cy- 
cadaces^,  the  Coniferse,  and  in  Gnetum  and  Ephedra  among  the 
GnetacesB,  there  is  an  apical  cell,  either  three-sided  or  four- sided, 
in  the  growing-point. 

The  stem  is  monostelic :  the  stele  is  surrounded  by  a  pericycle 
which  may  be  simply  parenchymatous  (e,g,  Pinus)  or  consist  of 
thick-walled  fibres  (e.g.  Taxus):  the  primary  vascular  bundles  are 
collateral,  are  open,  and  have  the  usual  general  structure ;  they 
are  generally  arranged  in  a  single  circle  round  the  pith,  but  in 
Cycas  there  is  a  system  of  cauline  bundles  in  the  cortex,  in 
Encephalartos  there  is  a  similar  system  in  the  pith,  and  in  Welwit- 
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schia  there  are  apparently  both  a  cortical  and  a  medullary  system. 
Secondary  growth  in  thickness  takes  place  as  a  rale  by  means  of 
a  normal  cambinm-ring ;  bat  in  some  cases  the  activity  of  the 
normal  cambium  is  short-lived,  and  a  new  merismatic  layer  is 
developed  in  the  pericycle ;  thus  in  Cycas,  Encephalartos,  and 
species  of  Gnetum,  the  merismatic  layer  resembles  the  true 
cambium  in  that  it  forms  wood  internally  and  bast  externally, 
and  in  these  plants  successive  merismatic  layers  are  formed ; 
in  Welwit<8chia  the  merismatic  layer  forms  vascular  bundles 
and  ground-tissue  internally,  and  cortex  externally,  and  persists 
throughout  the  life  of  the  plant.  In  the  Cycadacese  and  ConifersB, 
the  secondary  wood  consists  exclusively  of  tracheides  with  rounded 
or  elongated  bordered  pits  (scalariform  tracheides)  and  of  paren- 
chymatous medullary  rays,  but  true  vessels  are  formed  in  the 
GnetaceoB;  the  secondary  bast  has  generally  the  normal  structure, 
but  in  some  cases  (Abietinete)  it  has  no  bast-fibres. 

The  Foliage-leaf  is  charact-erised  by  its  well-developed  epidermis 
the  cells  of  which  are  fibrous  (Pinus,  Torreya):  the  stomata 
are  always  depressed  below  the  surface,  and  are  borne  usually  on 
the  under  surface  only,  when  the  leaf  is  flat  {e.g.  Cunninghamia, 
Abies,  Taxus,  Ginkgo,  etc.),  or  on  both  sides  (some  Araucarias, 
Podocarpns),  or  on  the  upper  side  only  (Juniperns),  but  on  all 
sides  when  the  leaf  is  acicular  {e,g,  Pinus,  Picea,  etc.):  the 
epidermis  is  supported  by  a  hypodermal  layer  of  fibrous  scleren- 
chymatous  cells ;  wrhen  the  leaf  is  fiat,  the  mesophyll  is  more  or 
less  clearly  differentiated  into  palisade  and  spongy  tissue,  but 
when  it  is  acicnlar  the  mesophyll  is  uniform  throughout,  consisting 
of  parenchymatous  cells  with  curiously  infolded  walls  :  the  acicular 
leaves  (AbietinesB)  have  a  single  central  vase  alar  strand  en- 
closing two  bundles  which  give  off  no  branches ;  in  the  flattened 
leaves  there  may  be  several  ribs  which  either  do  (e.g.  Ginkgo)  or  do 
not  {**,g,  Dammara,  Araucaria)  branch  in  the  lamina,  and  in  all 
these  cases  the  bundles  end  blindly ;  in  Gnetum  the  leaf,  and  in 
Stangeria  the  leaf -pinna,  has  a  midrib  and  pinnate  venation;  the 
multicostate  leaf  of  Welwitschia  has  parallel  venation.  A  remark- 
able feature  in  the  structure  of  the  leaf  is  the  presence,  in  all  the 
genera,  of  a  tissue,  termed  transfusion-tissue  (p.  169),  which  consists 
of  parenchymatous  cells,  some  of  which  contain  no  protoplasm  and 
have  pitted  walls,  being  in  fact  tracheides,  whilst  others  con- 
tain protoplasm  and  have  nnpitted  walls:  in  the  Abietineao  this 
tissue  is  a  development  of  the  pericycle  of  the  vascular  strand, 
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and  is  snrrounded  bj  a  well-marked  endodermis;  in  the  other  genera 
it  appears  to  be  specially  difEerentiated  mesophjll  frequently  {e.g. 
Cycas,  Podocarpus,  Cephalotaxus)  consisting  of  cells  elongated 
transversely  to  the  long  axis  of  the  leaf :  the  use  of  the  trans- 
hsion-tissne  is  to  compensate  for  the  absence  of  a  much-branched 
rascniar  system  in  the  leaf,  the  tracheidal  cells  serving  to  distri- 
bute water  from  the  xylem  of  the  bundles  to  the  mesophyll,  the 
other  cells  serving  to  convey  organic  substauces  formed  in  the 
mesophyll  to  the  phloem  of  the  bundles. 

The  Boot  grows  in  length  by  means  of  a  growing-point  diflFeren- 
tiated  into  dermatogen,  plerome  and  periblem,  and  root-cap  as  in 
Dicotyledons  (see  p.  154)  ;  there  are  commonly  two  xylem-bnndies 
in  the  stele :  the  cambium-ring  is  formed  in  the  usual  way  :  the 
phellogen  is  derived  from  the  pericycle  ;  in  many  cases  the  cortical 
cells,  other  than  those  of  the  endodermis,  show  thickenings  on 
their  radial  walls  similar  to  those  of  the  endodermis-cells ;  this  is 
either  confined  to  a  single  (penultimate)  layer  of  the  cortex  {e.g, 
Cnpressns,  Thuja,  Biota,  Taxus,  Cephalotaxus,  Ginkgo),  or  it 
extends  to  several  layers  (e.g.  Sequoia,  Taxodium,  Juni perns, 
Araucaria)  :  the  epiblema  is  generally  devoid  of  root- hairs,  but 
these  are  abundant  in  Taxus. 

General  histological  peculiarities.  In  all  the  Coniferae,  except 
Taxus,  resin- ducts  (see  p.  139)  are  present :  they  are  always  to  be 
found  in  the  leaves  and  in  the  cortex  of  the  stem,  sometimes  also 
in  the  pith  of  the  stem  (Ginkgo),  in  the  primary  wood  (Pinus, 
Larix),  or  in  the  primary  bast  (Araucaria) ;  they  are  absent  from 
the  root  in  many  genera  (Cryptomeria,  Taxodium,  Podocarpus, 
Dacrydium,  Tsuga,  Cunninghamia,  Ginkgo),  and  when  present 
they  never  occur  in  the  cortex,  but  are  situated  in  the  primary 
wood  (Pinus,  Larix),  in  the  primary  bast  (Araucaria),  or  as  a  single 
canal  in  the  centre  of  the  conjunctive  tissue  (Cedrus,  Abies,  Pseu- 
dolarix) :  they  are  formed  also  in  the  secondary  wood  (Pinus, 
Picea,  Larix)  or  in  the  secondary  bast  (Cupressus,  Thuja,  Arau- 
caria) of  both  stem  and  root.  Mucilage-ducts,  resembling  the 
resin-ducts  of  the  Coniferae,  occur  in  the  cortex  of  the  stem  in  the 
CycadaceoB. 

The  bast  of  the  Gymnosperms  resembles  that  of  the  Pterido- 
phyta,  and  differs  from  that  of  the  Angiosperms,  in  that  it  contains 
no  companion-cells  (see  p.  137),  the  fa  notion  of  these  cells  being 
performed  by  certain  cells  belonging  either  to  the  medullary  rays 
(Abietineaa,  some   Cupressinesd   and  Taxodineae)  or  to  the  bast- 
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parenchyma  (ArancariDese,  Taxoidess,  some  Capressineae  and  Taxo- 
dinese,  the  Cjcadacead  and  GnetaceoB). 

A  remarkable  feature  in  the  histology  of  Welwitschia  is  th/9 
presence  in  the  ground- tissue  of  large  thick- walled  fibrous  cells, 
called  spicular  cells^  in  the  walls  of  which  crystals  of  calcium 
oxalate  are  deposited ;  the  occurrence  of  these  crystals  in  the  cell- 
walls  is  common  throughout  the  class  (Fig.  65). 

The  Qeneral  Morphology  of  the  Reproductive  Organs,  The  repro- 
ductive organs  are  micros porangia  (pollen-sacs)  and  macrosporangia 
(ovales)  :  the  microsporangia  are  always  borne  on  sporophylls,  but 
the  macrosporangia  are  sometimes  borne  directly  on  the  axis 
{e.g.  macrosporangia  of  TaxesB  and  of  the  Gnetacese)  :  they  are- 
developed  on  distinct  shoots,  and  frequently  on  distinct  plants 
ifi-g-  CycadacesB:  some  Coni  ferae,  such  as  most  Araucarinese  and 
Taxeao;  GnetacesB  generally). 

Certain  shoots  are  more  or  less  clearly  differentiated  as  flowers; 
the  only  exception  being  Cycas  in  which  thei*e  is  no  proper  macro- 
Bporangiate  flower.  The  flower  is  always  monosporangiate :  its 
structure  varies  w^idely ;  it  may  consist  merely  of  a  terminal 
sporangium  invested  by  a  few  small  bracts  {e.g,  macrosporangiate 
flower  of  Taxeee) ;  of  a  terminal  sporangium  with  a  rudimentary 
perianth  (macrosporangiate  flower  of  Gnetacss);  of  one  or  more 
sporophylls  borne  on  a  short  axis  and  surrounded  by  a  perianth 
(microsporangiate  flower  of  Gnetacese)  ;  or  of  a  larger  or  smaller 
number  of  sporophylls  arranged  on  an  elongated  axis,  the  whole 
forming  a  cone. 

In  the  GnetacesB  the  flowers  are  arranged  in  spicate  inflor- 
escences, and  are  sitnated  in  the  axils  of  bracts  which  are  more 
highly  developed  in  this  order  than  in  any  other  Gymnosperms. 

The  Sporophylls  are  of  two  kinds,  distingaished  by  the  nature 
of  the  sporangia  which  they  respectively  bear,  as  microsporophylls 
and  macrosporophylls.  When  the  flower  is  a  cone,  the  sporophylls 
have  a  general  resemblance  to  scaly  leaves:  in  other  flowers 
(TaxesB,  Cycas,  Gnetacesd)  they  have  various  and  specialised 
forms. 

The  microsporophyll  (stamen)  occurs  in  its  simplest  form  in  the 
Cycadace»,  where  it  is  a  large  stout  scale  bearing  usually  an  in- 
definite number  of  microsporangia  on  its  under  surface.  In  some 
of  the  ConifersB  (e.g.  Pinus),  the  microsporophyll  essentially  re- 
sembles that  of  the  CycadacesB,  though  it  is  much  smaller  (in 
proportion  with  the  smaller  flowers)  and  bears  only  two  micro- 
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sporangia.  In  the  other  Coniferaa  the  microsporophylls,  bearing 
2-15  sporangfia,  show  more  or  less  distinct  differentiation  into 
a  stalk  bearing  a  terminal  leafj  expansion,  until,  in  Taxas,  a 
stage  is  reached  where  the  microsporophyll  consists  of  a  stalk 
bearing  a  peltate  lamina,  on  the  under  surface  of  which  the  spor- 
angia are  developed.  In  other  words,  the  microsporophyll  con- 
sists of  a  filament  bearing  a  sorus  of  sporangia  which  constitutes 
an  anther  (see  p.  432).  In  all  cases  the  microsporangia  are 
developed  on  the  morphologically  under  (dorsal)  surface  of  the 
sporophyll. 

The  gi*adual differentiation  of  the  microsporophyll,  which  can  be 


Fig.  296.— .4  MicrosporopbyllAry  (or  staminal) 
flower  of  Ahie9  pecliiiata ;  b  scaly  bnicls ;  a  mi- 
croBporophyll  with  two  microsporangia  (pollen* 
sacs).  B  Microspore  (pollen-grrain)  (highly 
mag.) ;  0  ezine  expanded  into  two  hollow  Tesicles 
bl) ;  y  male  prothallium.    (After  Sachs.) 


Fio.  297.— PiiHiM  tylveitris  (x7:  alter 
Btrasburger).  Macroxporopbyll  b,  bear- 
ing on  its  upper  surface  the  placental 
scale/}',  which  boars  two  ovules  «  at  its 
base;  c  apophysial  projection  of  the 
placental  scale ;  m  prolonged  integnmeot 
of  the  ovule  within  which  poUeu-grains 
have  lodged. 


traced  in  the  Coniferop,  leads  on  to  the  more  complete  differen- 
tiation and  specialisation  which  obtains  in  the  GnetacesB  and  in 
the  Angiosperms.  In  Gnetum,  however,  there  are  no  microsporo- 
phylls. 

The  macrosporoph(/ll  (carpel)  appears  in  a  simple,  yet  typical, 
form  in  Cycas  (see  Fig.  303),  the  one  Gymnosperm  which  has  no 
distinct  macrosporangiate  flower.  Here  the  carpels  are  ossentially 
similar  to  the  foliage-leaves,  though  they  are  smaller,  of  a  yellow 
colour,  and  of  a  somewhat  different  form  :  they  are,  in  fact,  de- 
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veloped  at  the  growing-point  of  the  stem  in  the  place  of  a  whorl 
of  foliage-leaves.  The  few  sessile  macrosporangia  are  borne 
laterally  on  the  lower  part  of  the  sporophyll. 

In  the  other  Cjcadace®,  the  macrosporophjU  is  a  stent  scaly 
leaf,  thickened  at  its  onter  end,  bearing  asnally  two  lateral  ovules, 
one  on  each  side. 

In  the  ConifersB,  the  simplest  form  of  macrosporophyll  is  to  be 
found  in  Dammara  (Arancarinese),  for  instance,  where  it  is  simply 
a  scaly  leaf  bearing  a  single  macrosporanginm  on  its  upper  surface: 
in  other  fon^s  the  superior  surface  of  the  macrosporophyll  is 
clearly  marked  out,  by  outgrowths  of  various  kinds,  into  an  apical 
aud  a  basal  half,  the  latter  alone  bearing  the  (1-7)  macrosporangia 
(e,g.  Taxo.dinea9,  CupressinesB) :  in  the  Abietineas  (Pinus,  Larix,  etc.) 
the  sporangiferous  structure  of  the  preceding  families  is  developed 
from  the  base  of  the  carpel  as  a  placental  scale^  which  is  much 
larger  than  the  carpel  itself,  and  bears  the  two  macrosporangia  on 
its  upper  surface.  In  most  Podocarpeas,  the  macrosporophyll  is 
likewise  differentiated  into  an  apical  and  a  basal  half,  the  latter 
being  much  thickened,  but  here  it  is  the  apical  portion  which  bears 
the  single  macrosporanginm.  In  the  TaxesB  the  macrosporophylls 
are  rudimentary  (e.g,  Phyllocladns,  Cephalotaxus)  or  absent  (e.g. 
Torreya,  Taxus) ;  even  when  present  they  do  not  bear  the  macro- 
sporangia. 

In  the  GnetacesB  there  are  no  macrosporophylls^ 

The  microsporangia  (pollen-sacs)  are  borne,  in  nearly  all  cases, 
on  the  lower  (dorsal)  surface  of  a  sporophyll ;  they  may  be 
numerous  (about  1,000)  as  in  some  CycadacesB ;  or  few  (2-15)  in 
the  Conifeiw  and  Gnetaceee :  scattered  (some  Cycads),  or  more 
commonly  grouped  into  one  or  more  sori,  with  more  or  less  well- 
developed  placental  tissue ;  either  imbedded  in  the  tissue  of  the 
sporophyll  (e.g.  Abietineas),  or  freely  suspended  (e.g.  Araucaria, 
Ginkgo)  :  in  the  CnpressineaB,  the  sporangia,  when  young,  are 
covered  by  an  outgrowth  of  the  under  surface  of  the  spoi'ophyll 
which  is  comparable  to  the  indusium  of  Ferns.  In  Gnetum,  as 
there  is  no  microsporophyll,  the  two  microsporangia  are  borne  on 
the  apex  of  the  floral  axis. 

The  structure  of  the  microsporangium  is  simple  :  it  is  unilocu- 
lar; it  contains,  at  an  early  stage,  a  mass  of  spore-mother-cells 
derived  from  the  archesporium,  surrounded  by  a  layer  of  tapetal 
cells  also  derived  from  the  archesporium,  and  by  a  wall  consist* 
ing  of  one.  two,  or  more,  layers  of  cells :  each  6pore*mother-cell 
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gives  rise  to  fonr  microspores,  which  are  usuallj  tetrahedral, 
bat  bilateral  in  the  Gjcads.  The  dehiscence  is  generally  lougi- 
tndinal. 

The  microspores  (pollen-grains)  present  no  special  featnres  be- 
yond the  fact  that  in  some  genera  of  Conifer®  {e.g.  most  Abietine» 
and  Podocarpesd)  the  exine  is  dilated  into  two  hollow  expansions 
which  lighten  the  pollen-grains  and  facilitate  their  dispersal  by 
the  wind. 

The  macrosporangia  (omles)  are  borne  either  terminally  on  a 
floral  axis  (e.g.  Taxeee,  GnetacesB),  or  on  the  nppca*  surface  of  a 
macrosporophyll ;  on  the  floral  axis  they  are  borne  singly,  on  the 
sporophylls  their  number  raries  (1-7)  :  they  are  orthotropons  and 
sessile,  the  micropyle  being  directed  either  towards  the  axis  of  the 
cone  (in  Abietinese,  PodocarpesB),  or  away  from  it  (Capressinese)  : 
they  have  a  single  integnment,  though  in  some  genera  (most 
Taxoideoa)  an  arillns  is  eventaally  developed.  The  macrospo- 
rangia are  indehiscent. 

The  archesporinm  consists  of  one  or  more  hypodermal  cells  of 
the  micropylar  end  of  the  nucellas :  from  the  archesporinm  the 
sporogenons  cells  are  developed,  as  also  tapetal  cells.  By  the 
formation  of  several  layers  of  tapetal  cells,  and  also  by  the  re- 
peated periclinal  division  of  the  micropylar  epidermis,  the 
sporogenons  cells  come  to  be  deeply  placed  in  the  nucellus,  being 
surmounted  by  a  considerable  mass  of  nucellar  tissue  which,  in  the 
Gjcadaceee,  is  hollowed  out  at  the  apex  to  form  the  pollen-chamber. 
There  may  be  a  considerable  mass  of  sporogenons  cells  (Cycadaceae, 
etc.,  see  p.  4>38),  a  condition  which  recalls  that  in  the  higher 
Pteridophyta,  or  there  may  be  a  single  sporogenons  cell  ( Abietinese). 
The  sporogenons  cell,  or  one  of  the  sporogenons  cells,  grows 
rapidly,  causing  the  absorption  of  the  adjacent  cells,  and  is  the 
mother-cell  of  the  macrospore:  in  some  cases,  where  there  are 
many  sporogenons  colls,  several  of  them  may  begin  to  grow  in  this 
way,  but  as  a  rule,  one  gains  the  upper  hand  so  that  eventually 
only  one  mother-cell  is  present. 

The  macrospore  (embryo-sac)  is  developed  singly  in  the  macro- 
sporangium,  by  the  growth  and  maturation  of  the  mother-cell 
which  does  not  undergo  division  into  four  as  in  the  Pteridophyta. 
In  the  CycadaceaB  the  wall  of  the  macrospore,  like  that  of  spores 
generally,  is  differentiated  into  two  layers,  the  outer  of  which  is 
cuticularised. 

FolUnaixon.     The  microspores  are  conveyed  by  the  wind  from 
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the  microsporangiate  to  the  macrosporangiat-e  flowers,  the  Gymno- 
sperms  heing  anemophilons,  and  they  come  into  direct  relation  with 
the  micropjle.  In  the  case  of  cone-flowers,  the  scales  separate  at 
the  time  of  pollination,  to  permit  of  the  pollen-grains  heing  hlown 
in  hetween  them.  The  micropjle  of  the  ovale  secretes  a  mncila- 
ginoas  liqaid  which  catches  one  or  more  of  the  pollen-grains :  hj 
the  gradual  evapoi*ation  of  this  liquid,  the  pollen-grain  is  drawn 
down  the  micropyle  and  is  lodged  on  the  apex  of  the  nncellns, 
where  it  germinates. 

Emhryogeny  of  the  Sporophyte.  The  Gymnosperms  are  all  mero- 
hlastic  and  have  a  snspensor,  with  the  single  exception,  in  hoth 
respects,  of  Ginkgo:  they  are  frequently  poly  embryonic  (most 
CapressinesB,  AhietineaB,  and  Gnetaceee). 

The  most  peculiar  type  of  development  is  that  which  is  char, 
acteristio  of  the  CycadacesB,  of  Ginkgo  among  Coniferie,  and  of 
Ephedra  among  Gnetace».  In  these  plants  the  germination  of 
the  oospore  begins  with  repeated  nuclear  division  followed  by 
free  cell-formation  which  leads,  in  the  Cycadaceao,  to  the  production 
either  of  a  layer  of  cells  round  the  wall  of  the  archegoninm  (Cycas), 
or  of  a  mass  of  cells  occupying  its  lower  end  (Ceratozamia),  a 
considerable  cavity  being  left  vacant  in  both  cases :  in  Ephedra, 
several  (2-8)  loose  spherical  cells  are  formed  in  a  similar  manner, 
in  the  oospore,  each  with  its  own  proper  wall ;  and  in  Ginkgo,  it 
becomes  completely  filled  with  a  mass  of  cells  forming  a  compact 
tissue.  In  the  CycadaceaB,  the  embryonic  cells  at  the  lower  end  of 
the  oospore  grow  out  into  the  endosperm,  forming  a  suspensor  at 
the  free  end  of  which  the  body  of  the  embryo  is  developed.  In 
Ephedra,  each  of  the  cells  elongates  into  a  suspensor  which  grows 
out  into  the  endosperm  and  produces  an  embryo.  In  Ginkgo,  the 
mass  of  cells  constitutes  the  embryo  itself ;  there  is  no  suspensor, 
but  the  embryo,  in  the  course  of  its  growth,  breaks  out  of  the 
archegoninm  into  the  endosperm.  In  the  Coniferse  (except  Ginkgo) 
the  type  of  development  is  essentially  the  same  throughout,  though 
with  slight  variations.  In  the  AbietinesB  the  nucleus  of  the  oospore 
descends  towards  the  lower  end  of  the  cell,  and  divides  into  two, 
and  each  of  these  again  into  two ;  cell- formation  takes  place,  walls 
being  formed  in  two  planes  at  right  angles  to  each  other,  so  that  the 
lower  end  of  the  oospore  is  occupied  by  a  group  of  four  cells  lying 
tu  one  plane;  these  cells  then  divide  by  transverse  walls,  so  that  three 
tiers  of  fonr  cells  each  are  formed ;  of  these,  each  oell  of  the  middle 
tier  grows  oat  into  a  long  unicellular  suspensor ;  those  of  the  apper 
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tier  simply  maintain  the  connexion  of  the  snspensors  with  the 
rest  of  the  oospore  ;  those  of  the  lowest  tier,  whilst  also  eontribo- 
ting  to  the  snspensors,  each  give  rise  to  an  embryo,  from  the  cells 


^     1 1 


Fio.  298.-  Fertilisation,  and  early  stages  In  the  embryogeny,  of  Picea  accel$a  (k90; 
after  Striisburger).  A  Oosphen*,  with  nacleas  on,  and  canal-cell  cl.  B  Fertilisation  in  r-ro- 
gre^s :  p  pollen-tube ;  «a  nucleus  (male  pronucleus)  of  the  male  oell  now  in  the  oospbere ; 
on  female  pronucleus.  C  Fusion  of  male  and  female  pronuclei.  D  Commencing  cell-forma- 
tion at  the  chalaznl  end  of  the  oospore ;  B  a  further  stage :  F  three  tiers  of  four  cells  each 
have  been  formed :  G  the  cells  of  tbe  middle  tier  have  elongated  into  sospensors,  bearing 
the  single  embryo  at  their  lower  end. 


at  the  base  of  which  one  or  more  embryonal  tubes  are  developed 
which  grow  backward  along  the  suspensor.  Ficea  excelsa  departs 
from  this  type  in  that  the  snspensors  remain  coherent,  bearing  at 
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Fig.  2J>9.— Liter  etagea  in  the  embryogeny  of  the  sporophyte  of  Picca  excelaa  (after 
Siratburger).  A  Optical  section  of  young  embryo  borne  on  the  end  of  the  suspensors  (  x  240) : 
fi  older  embryo,  with  suspensor  and  embryonal  tubea  ;  at  this  stage  the  growing-points  of 
primary  root  and  etem  are  already  differentiated :  C  half-grown  embryo  in  surface-view : 
^longitudinal  section  of  a  half-grown  embryo  :  E  surface-view  of  the  apex  of  the  shoot  of 
tbia  embryo  ( x  27) :  F  longitudinal  section  of  a  fully  developed  embryo  in  a  ripe  seed ;  c 
c<'tyledons;  h  bypoctyl;  pi  apex  of  the  plerome  in  the  root;  cp  root-cap ;  m  pith;  op  pro- 
rambial  ring. 
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their  end  the  cells  of  the  lowest  tier  which  develope  into  but  a 
single  embryo,  whereas  in  the  typical  Abietineas  four  embryos 
originate  from  each  oospore. 

Among  the  CupressinesB,  the  first  step  is  the  formation  of  three 
cells  one  above  the  other  at  the  lower  end  of  the  oospore :  in 
Thuja  occidentalia  only  the  two  upper  cells*  undergo  longitudinal 
division,  and,  consequently  (as  in  Picea  exceUd)  only  a  single 
embryo  is  developed  from  each  oospore :  in  Juniperus,  all  three 
cells  undergo  longitudinal  division,  so  that  four  embryos  are  here 
developed  from  each  oospore.  In  this  gpx)up  the  cells  of  the 
uppermost  tier  elongate  to  form  the  suspensors :  those  of  the 
middle  tier  contribute  to  the  length  of  the  suspensors,  and  also 
give  rise  to  short  embryonal  tubes  which  invest  the  suspensor  for 
some  distance,  as  also  the  base  of  the  embryo :  the  cell  or  cells 
of  the  lowest  tier  give  rise  to  the  embryo  (Thuja)  or  embryos 
(Jhniperns). 

In  the  Taxeao,  as  represented  by  Taxus  and  Cephalotaxus,  the 
embryogeny  closely  resembles  that  of  Thuja,  though  there  is  not 
the  same  degree  of  constancy  ;  two  or  three  tiers  of  cells,  varying 
in  number,  are  formed  at  the  lower  end  of  the  oospore ;  of  these, 
the  uppermost  tier  (Taxns)  or  second  tier  (Cephalotaxus)  grow  out 
into  the  (usually  six)  suspensors ;  those  of  the  lower  or  lowest  tier 
form  the  single  embryo  and  the  embryonal  tubes. 

The  embryogeny  of  the  Grnetaceous  genera  Gnetum  and  Welwit- 
Bchia  is  peculiar :  in  Welwitschia  the  oospore,  whilst  still  enclosed 
in  the  wall  of  the  archegonium,  undergoes  a  transverse  division  at 
its  base,  which  cuts  off  a  small  flat  cell  as  the  embryo- cell ;  the 
wall  of  the  archegonium  continoes  to  grow,  and  forms  the  sus- 
pensor ;  the  embryo-cell  gives  rise  to  the  single  embryo  and  to  a 
number  of  embryonal  tubes  which  invest  the  lower  portion  of  the 
suspensor:  in  Gnetum,  so  far  as  the  embryogeny  is  known,  it 
appears  that  an  embryo-cell  is  formed  at  the  end  of  the  suspensor, 
as  in  Welwitschia,  from  which  the  embryo  and  the  embryonal  tubes 
are  also  developed  ;  the  suspensor  appears  to  branch,  each  branch 
bearing  an  embryo. 

The  growing.point  of  the  stem  is  developed  at  the  anterior  end 
of  the  embryo:  two  species  of  Coniforaa  {Cephalotaxus  Fortunei^ 
Araucaria  hrasiliana)  present  the  peculiarity  that  the  growing- 
point  is  not  quite  terminal,  but  is  covered  by  a  small  group  of  cells 
which  are  subsequently  thrown  off :  in  some  cases  (Cupressinefe, 
Pinus  Strohus^  apparently  Taxns  and  Gnetum,  and  occasionally 
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Ephedra),  there  is  a  two-sided  apical  cell  in  the  growing- point  at 
its  first  development. 

The  cotyledons  vary  in  number  :  one,  in  Ceratozamia,  and  some- 
times in  other  Cjcadaoesd ;  two,  in  the  Cycadaceae  generally,  in 

the  CupressinesB 
generally,  in  some 
Araucarias,  in  the 
TazoidesB,  and  in 
the  GnetncesB ;  in 
the  CnpressineoB 
sometimes  3-5 ;  in 
the  Taxodineee  4-9 ; 
in  the  AbietinesB 
6-15.  The  cotyle- 
dons  are  generally 
epigean:  they  are 
hypogean  in  the  Cy- 
cadacesB,  as  also  in 
Arancaria  (sect. 
Colymbea)  and  in 
Ginkgo  among  the 
GonifersB:  in  the 
CycadacesB,  and  in 
Ginkgo,  the  two  hy- 
pogean cotyledons 
are  closely  coherent 
at  the  apex,  whereas 
in  these  Araucarias 
the  cotyledons  are 
free. 

The  growing- 
point  of  the  root  is 
in  all  cases  di£Feren- 
tiated  endogenonsly, 
at  some  distance 
from  the  posterior 
end  of  the  embryo. 

The  Gametophyte. 
— As  the  Gym  no- 
sperms  are  hetero- 
sporous,  the   sexual 


Fis.  300.— Germinating  seeds  of  Pin^it  Pintat  I  first 
■tag^,  in  longitudinal  section ;  II  second  stage,  with  pro- 
trndiag  radicle ;  A  external  view ;  B  view  after  removal  of 
balf  the  seed-coat ;  C  longitudinal  section,  without  seed- 
coat;  D  transverse  section,  without  seed-ooat;  III  ger- 
mination is  here  completed,  the  cotyledons  having  expanded, 
and  the  hypocotyl  elongated :  «  seed-coat ;  s  endosperm ;  to 
radicle;  o  cotyledons;  y  micropylej  r  red  membrane  (re* 
I  of  nnoeUns) ;  m  the  embryo-sac. 
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generation    is   represented   by  two  individnaJs,    a   male    and    a 
female. 

The   Male    Individual  is   a   prothallium    developed   from    the 


Fio.  301.— A  Lon^fitadinal  se(*tion  of  thd  mioropjlar  portion  of  the  female  prothallium  of 
Picea  far<  el»a  shovv'ing  two  archogonia  (xlOO):  e  neck  of  archegonium  ;  cl  canaUcelL 
B  Snrf>ice>view  of  unopened  neck  of  an  archegonium  (x260).  C  Pollen-tube  penetrating 
to  the  ooHphere  through  the  neck  of  the  archegonium  ( x  260).    (After  Sirasburger.) 

microspore  as  described  on  p.  448.     It  consists  of  two  or  more 
cells,  one  of  which  grows  out  into  a  pollen-tube  (see  Fig.  290). 
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The  male  organ  is  a  radimentarj-  antberidium  consisting  of  two 
cells,  the  stalk-cell  and  the  generative  cell. 

The  male  cell  is  derived  from  the  generative  cell  of  the  an- 
tberidium which  travels  into  the  pollen-tube  (see  Fig.  289)  ;  this 
eell  undergoes  division  into  two  similar  cells,  near  the  apex  of 
the  pollen.tabe,  both  of  which  are,  as  a  rale,  functional  male  cells 

equivalent  to  spermatozoids ;  in 
Taxus,  however,  the  two  cells 
differ  in  size,  and  it  is  only  the 
larger  one  that  is  a  functional 
male  cell.  The  male  cell  is  of 
somewhat  spherical  or  oval 
form.  When,  as  in  Jnniperus, 
and  other  Cupressineae,  several 
archegonia  aro  fertilised  by 
means  of  a  singlo  pollen-tube, 
repeated  cell-division  takes 
place  in  the  pollen- tube. 

The  Female  Individual  is  a 
proth allium  (sometimes  called 
endosperm)  developed  within 
the  macrospore.  The  germina- 
tion of  the  macrospore  begins 
with  the  division  of  its  nucleus ; 
nuclear  division  is  repeated 
until  a  large  number  of  nuclei 
are  formed,  lying  in  the  parietal 
piH>topla8m  of  the  spore;  free 
cell-formation  then  takes  place, 
walls  being  formed  between  the 
cells  so  that  the  interior  of  the 
macrospore  is  lined  by  a  layer 
of  cells  which  grow  and  divide 
until  the  cavity  of  the  macro- 
spore is  entirely  filled.  It  is 
characteristic  of  Gymnosperras 
that  the  development  of  the 
prothallium  is  uninterrupted, 
and  that  it  is  completed,  except  in  Gnetum,  before  the  female 
organs  are  developed  and,  consequently,  before  fertilisation  can 
have  taken  place. 


Fi«.  W2.— Ferti1i»arion  of  two  archegonia 
by  rnexn^  of  a  Biiigle  poIleD-rube  in  Juntp«- 
nu  vtiTiatana  (  x  280 :  after  Strasburger) :  • 
prothalliiil  tissue ;  r  neck  of  archegonium ; 
«  nncleos  in  the  pollen-tube ;  mp  male  pro- 
nocleos,  /p  female  pronnolens,  in  the 
ootpbere;  v  yaciiole  in  the  oosphere;  w 
lower  part  of  oosphere. 
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The  female  prothalliam  is  a  mass  of  paronchjmatons  tissae, 
which  does  not,  as  a  rnle,  escape  to  anj  extent  from  the  spore, 
and  which,  in  consequence  of  the  exclusion  of  light,  is  destitato 
of  chlorophyll ;  the  only  exception  to  this  rule  is  offered  by  the 
CycadacesB  where,  if  the  female  organ  is  not  fertilised,  the  pro- 
thalliam, resuming  its  growth,  protrudes  through  the  micropyle 
and  turns  green  in  the  light. 

The  female  organ  is  an  archegonium,  and  is  developed  from  a 
single  superficihl  cell  of  the  female  prothallium  at  its  micropylar 
end.  The  mothr».r-cell  generally  divides  transversely  into  two ; 
an  upper,  the  neck-cell ;'  a  lower,  the  central  cell :  the  neck-cell 
usually  divides,  by  two  vertical  walls,  into  four  cells,  which  form 
the  neck ;  the  central  cell  grows,  and  divides  transversely  at  its 
upper  end  so  as  to  cut  off  a  small  cell,  the  canal-cell,  which  lies 
in  the  canal  formed  by  the  separation  of  the  neck-cells,  and  a 
large  cell  which  is  the  female  cell  or  oosphere  (Figs.  301,  302). 

The  most  strikiDg  deviations  from  the  development  of  the  arohegonium,  as 
described  above,  are  the  following :  the  mother- cell  does  not  divide  but  becomes 
the  ceutral  cell  of  a  neckless  archegonium,  either  with  a  oell-wall  (Welwitsohia) 
or  without  a  cell-wall  (Gnetum);  the  neck-cell  remains  undivided  {Ttuga  cana^ 
densis) ;  the  neck-cell  divides  only  once,  longitudinally,  so  that  the  neck  con- 
siats  of  two  cells  {e.g.  CycadaceaB,  Ginkgo) ;  by  a  third  vertical  division  of  the 
neck-cell,  the  neck  comes  to  consist  of  eight  cells,  all  in  one  plane  (some 
CupressinesB) ;  by  one  or  more  transverse  divisions,  the  neck  consists  of  two 
or  more  tiers  of  cells  (e.g.  Pinus  Pinaster  with  four  cells  in  each  tier ;  Pieea 
exceUa  with  eight  cells  in  each  tier). 

The  number  of  archegonia  developed  on  the  female  prothallium 
varies  from  a  small  number  (3-5)  in  the  Abietineae,  to  a  large 
number  (20-60)  in  Welwitschia  and  Gnetum.  The  archejyonia 
are  either  scattered  (AbietineoB),  or  in  a  group  (Cupressineae)  : 
when  scattered,  each  central  cell  is  surrounded  by  a  layer  of  small 
cells  belonging  to  the  prothallium  ;  when  in  a  group,  the  central 
cells  are  in  actual  contact  and  have  a  common  investment  of 
small-celled  tissne. 

In  Welwitschia,  the  unicellular  archegonia  grow  out  into 
filaments,  at  the  upper  end,  which  make  their  way  through  the 
tissue  of  the  nucellus  toward  the  micropyle. 

The  female  cell  or  oosphere  is  a  relatively  large  nucleated  cell, 
the  protoplasm  of  which  is  so  highly  vacuolated  that  it  pi^sents  a 
frothy  appearance. 

Fertilisation.     When  the  microspore  has  reached  the  apex  of 
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the  nucellns,  it  developes  a  pollen-tnbe  which  penetrates  the  tissue 
of  the  nucellns,  making  its  way  to  the  arche^onia  which  have 
been,  or  are  being,  developed  on  the  prothallium  inside  the 
macrospore ;  the  pollen-tube  at  length  reaches  the  macrospore, 
pierces  its  wall,  and  enters  the  neck  of  an  archegoninm  (when 
scattered),  or  spreads  out  over  the  necks  of  a  group  of  archegonia; 
a  male  cell  is  forced  out  through  the  tip  of  the  pollen- tube  into 
the  oosphere,  or  into  each  of  the  oospheres  of  a  group  of  arche- 
gonia so  that  one  male  organ  fertilises  several  archegonia  (Fig. 
302);  the  act  of  fertilisation  is  completed  bj  the  fusion  of  the 
male  pronucleus  with  the  female  pronucleus,  to  constitute  the 
naclens  of  the  oospore. 

In  Welwitschia  the  process  is  somevB'hat  different ;  here  fertilisa- 
tion takes  place  in  the  tissue  of  the  nucellns,  where  the  pollen-tubes 
meet  and  fuse  with  the  filamentous  outgrowths  of  the  archegonia. 

The  EesrdU  of  Fertilisation. 

1.  The  fruit.  In  all  the  Gjmnosperms  which  have  a  cone-like 
macrosporangiate  flower  (Cjcadaceso,  except  Cjcas ;  Conifersd, 
except  Taxeaa),  one  effect  of  fertilisation  is  to  cause  more  or  less 
considerable  growth  in  the  macrosporophylls,  or  in  the  placental 
scales,  as  also  tissue-change  resulting  in  their  becoming  woody 
{e.g.  Pin  us,  Abies,  etc.)  or  fleshy  {e.g.  Juniperus),  the  product 
being  the  fruit. 

The  fruit-cone,  in  most  cases,  sets  free  the  seed  by  the  separa- 
tion of  the  macrosporophylls,  or  of  the  placental  scales,  which  fall 
off  from  the  axis  of  the  cone,  leaving  it  bare  (most  Cycadacea^ 
Arancaria,  Abies,  Agathis,  Oedrus) ;  or  they  merely  separate  enough 
to  let  the  seeds  fall  out,  and  then  the  cones  either  remain  on 
the  tree  (e.g.  Larix),  or,  as  is  more  commonly  the  case,  drop 
off  entire.  However,  where  the  fruit  is  a  berry-like  cone  {e.g. 
Janiperus),  the  macrosporophylls  do  not  separate,  and  the  disper- 
sion of  the  seed  depends  on  the  fruit  being  eaten  by  animals. 

In  other  cases  the  effects  of  fertilisation  extend  to  the  bracts 
(Ephedra)  or  to  the  perianth  (Gnetum),  causing  them  to  grow  and 
become  succulent. 

2.  The  seed  is  albuminous  in  all  Gymnosperms,  the  single 
straight  embryo  being  imbedded  in  the  endosperm  (see  Fig.  300  /) 
in  all  cases,  also,  some  portion  of  the  nucellar  tissue  persists  as 
perisperm,  amounting,  in  the  CycadaceoB  and  ConifereB,  to  little 
more  than  a  membranous  layer,  but  in  the  Gnetaceaa  (at  least 
in  Ephedra  and  Welwitschia)  it  is  more  considerable. 

Y.  s.  B.  II 
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The  development  of  the  seed-coatfi  vanes  widely.  In  the 
CjcadacesB  the  testa  consists  of  two  layers,  an  onter  fleshy  and 
saccnlent,  and  an  inner  hard  and  woody,  so  that  the  seed  hears  a 
superficial  resemhlanoe  to  a  fmit  snch  as  a  plam :  in  those  Coni- 
fersB  in  which  the  seeds  are  produced  in  a  cone-frnit,  the  testa  is 
hard  and  tough  ;  hut  in  those  in  which  the  seed  is  exposed  from 
the  first,  the  testa  is  either  fleshy  {e.g.  Ginkgo,  Cephalotaxun), 
heing  developed  after  the  manner  of  that  in  the  Cycadacete,  or  it 
is  hardy  and  is  invested  by  a  succulent  aril  (e.g.  Taxus,  Podo- 
carpus).  In  those  Coniferee  with  woody  cones  {e,g,  Abietineae, 
Araucarinese,  most  CupressinesB)  the  seed  is  usually  winged,  either 
by  means  of  a  membranous  outgrowth  of  the  testa,  or  (Abietinefle) 
by  the  adhesion  to  the  seed  of  a  thin  strip  of  tissue,  split  off  from 
the  surface  of  the  placental  scale.  Among  the  Gnetacese,  the 
testa  is  hard  and  woody  in  Ephedra  and  Gnetum  ;  in  Welwitschia 
the  seed  is  enclosed  by  the  expanded  perianth,  which  acts  as  a 
wing. 

Classification  of  the  Oymnospermce, 

The  class  contains  the  following  three  orders : — 

1.  Cycadacej::  the  trunk  is  generally  un branched :  the  leaves 
are  large  and  branched :  no  vessels  in  the  secondary  wood. 

2.  CONIFER-S:  trunk  much  branched:  leaves  many,  small,  and 
nnbranched  :  no  vessels  in  the  secondary  wood. 

3.  Gnetack^:  habit  various:  flowers  have  a  rudimentary 
perianth :  there  are  vessels  in  the  secondary  wood. 

Order  1.  CycadacesB.  The  CycadaceiB  are  plants  which,  in  many  respects, 
show  affinity  with  the  Ferns,  while,  on  the  other  band,  they  resemble  the 
Palms  in  external  appearance.  The  stem  is  tubercular  or  cylindrical.  The 
vegetative  leaves  are  of  two  kinds ;  scaly  leaves,  brown  and  dry,  closely 
covering  tbe  surface  of  the  stem ;  foliage-leaves,  pinnate,  of  a  leathery  consis- 
tency, produced  annually  or  at  a  longer  interval,  forming  a  crown  at  the  top 
of  tbe  stem ;  the  foliage-leaves  are  generally  developed  expanded,  but  in  Cycas 
the  pinns  are  circinate  in  vernation,  as  is  also  the  phyllopodium  in  Stangeria 
and  Zamia. 

Tbe  dioecious  flowers  are  produced,  either  singly  or  several  togetber,  at  tbe 
apex  of  the  stem ;  tbey  are  cones  (except  Gyoas).  The  development  of  tbe 
cones  does  not  arrest  tlie  growth  in  length  of  the  stem  :  bence  tbe  stem  may 
be  regarded  as  a  sympodium,  its  growing -point  being  maintained  by  either 
dichotomous  or  lateral  branching  (pp.  33,  35).  Tbe  macrosporopbylls  of  Cycas 
do  not  constitute  a  true  flower,  since  they  are  not  borne,  as  in  tbe  otber  genera, 
on  a  special  axis,  but  simply  take  tbe  place  of  a  whorl  of  foliage-leaves.  Tbe 
cones  consist  of  an  elongated  axis,  bearing  numerous  spirally-arranged  scaly 
sporophylls,  wbioh  vary  in  number  from  80  to  600.     Tbe  microsporophylls  bear. 
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OD  the  under  surface,  usually  numerous  (2  to  1000)  microsporangia,  either 
scattered  or  in  sori  (Cyeas,  Staugeria,  Zamia).  The  maerosporophylls  bear 
two  orthotropous  macrosporangia,  one  on  each  flank,  developed  upon  the  peltate 
tenninal  lamina ;  but  the  exceptional  maerosporophylls  of  Cycas  (see  Fig.  303) 
may  bear  as  many  as  fire  macrosporangia. 

The  mncrosporangia  are  all  sessile,  and  have  a  single  integument,  and  are  of 
considf  rable  size  ;  those  of  Cycas  are  as  large  as  a  plum  before  fertilisation. 

In  the  coniferous  genera,  the  mtcrosporangiate  flower  becomes  the  fruit; 
that  ix,  a  dry  cone,  the  sporophylls  of  which  fall  away,  and  so  set  free  the 
seeds  In  Cycas,  the  sporophvUs  bend  outwards  and  drop  off,  bearing  the 
seeds.  The  seed  is  covered  by  a  testa,  developed  from  the  integnment  of  the 
ovale,  which  is  succulent  externally  and  stony  internally.  It  contains  a  single 
straight  embryo,  on  a  coiled  suspensor,  lying  in  the  endosperm.  The  embryo, 
has  generally  two  cotyledons  (oue  in  Ceratozamia,  and  occasionally  in  other 
genera  also),  which  are  hypogean, 
remaining  in  the  seed. 

The  CycadaoesB,  of  which  there 
are  nine  genera,  and  about  seventy- 
five  species,  are  all  tropical  or  sub- 
tropical Cycas  is  a  native  of  the 
East  Indies  and  Australia ;  Macro- 
zamia  and  Bowenia,  of  Australia ; 
Eneephalartos  and  Stangeria,  of 
Africa;  Zamia,  Ceratozamia,  Dio- 
on,  and  Microcycas,  of  tropical 
America. 

Cycas  is  clearly  distinguished 
from  the  other  genera  by  its  pe- 
caliar  maerosporophylls,  involving 
the  absence  of  a  macrosporangiate 
flower;  Bowenia  is  characterised 
by  it^  bi-pinnate  leaves ;  Stangeria 
by  the  pinnate  venation  of  its 
leaves;  the  other  genera,  by  the 
furm  of  their  sporophylls. 

Order  2.  Coniferae.  This 
order  includes  the  Pines,  Firs, 
Cypresses,  Yews,  etc.,  which,  for 
the  most  part,  are  extra-tropical, 
inhabiting  more  especially  the 
northern  hemisphere. 

The  conspicuous  features  of  their  morphology  are  the  regular  monopodial 
branching  of  the  stem,  the  small  (often  acicular)  simple  leaves,  and  the  tap- 
root. In  their  histology,  these  plants  resemble  the  Dicotyledons  in  that  the 
^tem  grows  in  thickness  by  a  normal  cambium-ring ;  but  the  vascular  tissue  of 
the  wood  consists  entirely  of  tracheides  with  bordered  pits.  The  presence  of 
resiu-ducts  is  another  characteristic  feature. 

The  floWers  are  always  monosporangiate ;  some  genera  are  dioecious.    The 


Fio.  303.— Sporophylli  of  Gycads.  A  macrc- 
aporophyll  of  Cyeaa  revol\da  (J  nat.  else)  :  / 
pinnsB ;  •  ovules.  B  Macrosporopbyll  of  Zamia 
muricata,  with  twoovalee  (•) ;  C  microsporopbyll 
of  thia  species  with  numeroos  microeporanf^ia 
(P). 
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microsporangiftte  flower  ia  a  cone,  consisting  of  an  elongated  axis  bearing 
microsporophylls  (Fig.  304),  which  are  generally  somewhat  peltate  in  form. 
Each  microsporophyll  bears  two  or  more  microsporangia  on  its  under  (dorsal) 
surface.  The  mtcrosporangiate  flower  is  also  a  cone  in  certain  cases  (Pinoides, 
Fig.  805),  in  which  esse  the  macrosporophylls  bear  the  macrosporangia ;  in 
other  cases  there  is  a  less  perfect  cone,  or  none  at  all  (Taxoideie,  see  Fig.  308), 
the  macrosporophylls  are  either  rudimentary  or  absent,  and  the  macrosporangia 
are  genemlly  borne  on  the  axis. 

In  some  genera  (e,g.  Pinus,  Junipems)  the  seed  takes  two  years  to  ripen ;  in 
the  first  year,  pollination  takes  place,  and  the  pollen-tnbe  begins  to  grow 
through  the  tissue  of  the  nuoellus ;  in  the  second  year,  after  a  period  of  rest. 


Pio.  304.— Finuj  montana  {PumUio),  A  Longitadlnal  section  of  a  microsporan^'atA  flower 
( X 10).  B  LongltudiDal  section  of  a  microsporophyll,  showing  the  cavity  of  one  poUen-sao 
(x  20).  C  Transverse  section  of  a  microsporophyll,  showing  the  cavities  of  both  pollen- 
sacs.  D  Germinating  two-celled  microspore  of  Pinus  sylvMtrM,  showing  the  expansions  of 
theexine  (x  400).    (After  Strasburger.) 

the  poUeu-tube  completes  its  growth,  reaches  the  arche^onium,  and  fertilises 
the  ooRpbere ;  as  a  consequence,  the  embryo  is  developed,  and  the  ovule  is 
changed  iuto  a  seed. 

In  spite  of  the  fact  that  so  many  of  the  ConifersB  are  polyembryonic  (see 
p.  471),  and  that  each  ovule  contains  several  arcbegonia,  the  ripe  seed  contains 
only  a  single  embryo,  though  occasionally  two  are  found  {e.g.  Ginkgo).  The 
embryo  has  two,  or  more,  cotyledons,  which  are  epigean,  except  in  An^ucaria, 
sect.  Colymbea,  and  in  Ginkgo,  where  they  are  hypogean. 

The  order,  which  includes  34  genera  and  about  350  species,  may  be  natur- 
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ally  divided  into  the  two  snb-orders,  PinoidesB  and  Taxoideaa,  based  npon  the 
fitractore  of  the  macrosporangiate  flower ;  each  of  these  sub- orders  includes 
Beveral  families. 

Sab-order  I.  Pinoidka.  The  maerosporangiate  flowers  are  cones  ;  the  seed 
has  a  woody  or  leathery  testa,  is  enclosed  between  the  macrosporophylls  or 
the  placental  scales,  and  has  no  aril. 

Fam.  1.  Araucarinea :  usually  dioe- 
cious ;  macrosporophyll  simple,  bearing 
a  single  macrosporangium.  The  micro- 
sporophyll  bears  5  to  15  free  microspor- 
angia ;  microspores  without  expansions 
of  the  ezine  ;  all  leaves  arranged 
spirally ;  cotyledons  2-4. 

This  family  includes  the  two  genera, 
Agathis  (Dammara)  and  Araucaria. 
Agathis  inhabits  the  Malayan  islands, 
parts  of  Australia,  New  Zealand,  Fiji 
Islands;  A,  auttralis  is  the  Kauri 
Gam-tree:  Araucaria  inhabits  South 
America  (A.  brasiliana,  Brazil;  A,  tm- 
brieatay  Chili),  and  Australasia  {A. 
ezceUa,  Norfolk  Island). 

Fam.  2.  Abietinea :  moncBcious ;  on 
.its  upper  surface  at  the  base,  the  macro- 
sporophyll bears  a  large  placental  scale 
on  the  upper  surface  of  which  two  in- 
verted macrosporangia  are  borne.  The 
ripe  seed  has  two  wings  derived  from 
tissue  of  the  placental  scale  ;  the  micro- 
sporophyll  bears  two  microsporangia ; 
microspores  usually  have  expansions  of 
the  exine ;  all  leaves  arranged  spirally ; 
cotyledons,  more ,  than  2,  commonly  5, 
Bometimes  as  many  as  15. 

The  most  important  genera  may  be 
distinguished  as  follows : — 

A,  No  dwarf -shoots ;  placental  scales 
flat;  seed  ripens  in  one  year;  stem 
bears  whorled  branches. 

1.  Fruit-cones  erect,  falling  to 
pieces  when  ripe;  foliage-leaves 
flat,  cylindrical  at  the  base,  and  not 
decurrent;  placental  scales  about 
the  same  length  as  the  macrosporophylls 

2.  Fruit-cones  pendent,  falling  off  entire  ;  foliage- leaves  with 
decurrent  projecting  base. 

(a)  Leaves  4-angular ;  placental  scales  much  longer  than  the 
macrosporophylls         •••••«...        Ptcea. 


Fio.  305.— ^bvM  pfctinato.  A  Carpel  c, 
seen  from  above  (ventral  sarfaoe),  show- 
ing •  the  placental  scale,  and  tk  the  two 
ovules  (mag.).  B  Mature  cone  (nat.  sise) ; 
•p  axis ;  0  carpel ;  c  enlarf^ed  placental 
scale.  C  Ripe  placental  scale  (t)  isolated, 
seen  fix>m  above ;  ta  the  two  seeds,  each 
with  a  wing  (/).    (After  Sachs.) 


Ahiet, 
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(6)  Leaves  flat ;  placental  scales  longer  or  sborter  than  the 

macroBporophylls Ttvga. 

B,  Long  and  dwarf-shoots. 

1.  Placental  scales  flat ;  foliRge-leayes  borne  on  both  long  and 
dwarf-shoots  ;  branching  of  the  stem  irregnlar. 

(a)  Leaves  annually  deciduons ;  seed  ripens  in  one  year          .  Larix, 

(h)  Leaves  persistent ;  seed  ripens  in  two  years        .        .         .  Crdnu. 

2.  Placental  scales  thickened  externally  into  an  apophysis: 
foliage-leaves  confined  to  the  dwarf- shoots  :  branches  whorled     .  Pinut. 

1.  Abi€i,  the  Silver  Firs.  The  foliage-leaves  are  flat,  marked  on  the  nnder 
surface  with  two  longitudinal  white  streaks,  and  show  in  section  two  lateral 
resin-ducts :  the  macrosporangiate  cone  is  developed  in  the  axil  of  a  leaf  borne 
on  a  shoot  of  the  previous  year,  at  some  distance  from  its  apex,  and  when  ripe 
falls  to  pieces  so  that  the  naked  axis  remains.  To  this  genus  belong  A.  peetinata 
(A,  alba)t  the  Silver  Fir,  the  emarginate  leaves  of  which  stand  out  in  a  comb-like 
manner  from  the  branches ;  A.  Nordmafutiana,  from  the  Caucasus ;  A .  baliamea, 
which  produces  Canada- balsam  ;  A,  erplmlouica^  which  grows  in  Greece,  and  A, 
Pintapo,  which  grows  in  Spain,  both  having  pointed  leaves  which,  in  the  latter 
species,  are  borne  on  all  sides  of  the  branches. 

2.  Picen,  the  Spruce  Firs.  The  foliage-leaves  are  quadrangular,  and  have 
two  lateral  resin-ducts :  the  macrosporanginte  cone  is  borne  terminally  on  a 
shoot  of  the  previous  year,  becomes  pendent  after  fertilisation,  thus  enabling 
tlie  seeds  to  drop  out,  and  then  falls  off  entire.  To  this  genus  belong  P.  exceba, 
the  Norway  Spruce,  the  leaves  of  which  are  compressed  laterally;  in  some 
species,  however,  the  leaves  are  compressed  vertically  (e.g.  P.  omorica,  in  Servia, 
and  P.  (ijanen4s,  in  Eastern  Asia),  and  are  streaked  with  white  on  the  upper 
surface.  P.  alba  and  nigra  are  the  White  and  Black  Spruces  of  North 
America. 

8.  Tsuga,  the  Hemlock  Firs.  The  flat  foliage-leaves  are  somewhat  chan- 
nelled above,  with  a  midrib  projecting  on  the  under  surface.  In  other  respects 
this  geuus,  more  especially  the  Section  Eutsuga,  geuerally  resembles  Picea.  In 
the  Section  Eutsuga  (e.g,  Tt,  eanadentit)  the  placental  scales  are  much  longer 
than  the  macrosporophylls ;  whereas  in  the  section  Pseudotsnga  {e.g.  Tt.  Doug- 
Uuii)  the  macrosporophylls  are  as  long  as,  or  longer  than,  thu  placental  scales : 
iu  Eutsuga  there  is  a  single  median  resin-duct  in  the  projecting  midrib  of  the 
leaf. 

4.  LatiXf  the  Larches.  The  deciduous  leaves  are  arranged  spirally  on  long 
shoots,  and  also  in  clusters  on  dwarf-shoots  developed  in  the  axils  of  the  leaves 
of  the  long  shoots  of  the  previous  year  :  the  microsporangiate  cones  are  borne 
terminally  on  leafless  dwarf -shoots,  the  macrosporangiate  cones  terminally  on 
leafy  dwarf-shoots.  L.  europtea  is  the  common  Larch,  a  native  of  the  Alps  and 
Carpathians.  The  sub-genus  Pseudolarix,  including  the  sin;;le  species  Pt. 
Kaempferi  (otherwise  Larix  Kaempferi)^  the  Golden  Larch,  differs  from  the  true 
Larches  mainly  in  that  its  macrosporangiate  cones  fall  to  pieces  when  ripe  :  it 
is  a  native  of  China. 

5.  Cedrui,  the  Cedars.  This  genus  differs  from  Larix  in  that  the  leaves, 
which  are  arranged  in  the  same  way,  persist  for  more  than  one  year,  and  in 
that  the  seed  takes  two  years  to  ripen.     The  genus  includes  three  species : 
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C,  Lihani,  in  Asia  Minor ;  C.  atlantica,  in  the  Atlas  mountains  of  North  Africa : 
C,  Deodara,  in  the  Himalayas. 

7.  Pintu,  the  Pines.  The  thick  placental  scales  are  expanded  at  their  free 
end  into  a  flattened  rhomhio  surface,  the  apophysit :  the  seed  takes  two  years  to 
ripen :  the  foliage-leaves  persist  for  several  jours  and  are  confined  to  dwarf- 
shoots  which  bear  cataphyllary  leaves  at  their  bases,  and  are  borne  in  the  axils 
of  the  cataphyllary  leaves  of  the  long  shoots  of  the  same  year :  the  primary 
branches  are  arranged  in  false  whorls  near  the  apex  <»f  the  shoot  of  any  one 
year,  and  the  branches  of  a  higher  order  are  developed  in  the  same  manner : 
the  mierosporangiate  cones  take  the  place  of  dwarf-shoots  at  the  base  of  a  long 
shoot  of  the  same  year,  and  are  closely  packed :  the  mficrosporaDgiate  cones 
also  occupy  the  place  of  dwarf-shoots  near  the  apex  of  long  shoots  of  the  same 
year. 

In  the  section  Pinaster,  the  apophysis  has  a  rhombic  free  surface  with  a 
central  projection  (umbo) :  it  includes  three  sub-genera  : — Pinea,  characterised 
by  the  fact  that  each  dwarf -shoot  bears  two  leaves,  with  about  twenty  species, 
including  Pinu*  ^ylvestrU^  the  Soots  Pine ;  P.  Larieio^  the  Black  Pines ;  P. 
Pifiaster,  the  Cluster  Pine  of  South  Europe;  P.  montana,  the  Mountain  Pines  of 
Europe ;  P.  Pinea,  the  Stone  Pine  of  the  i?outh  of  Europe,  the  seeds  of  which 
aFB  large  and  edible  : — Tsda,  where  each  dwarf- shoot  bears  three  leaves,  with 
about  sixteen  species,  including  Pinus  Tada^  the  Frankincense  tree  of  North 
America: — Pseudostrobua,  where  each  dwarf-shoot  usually  bears  five  leaves, 
with  about  ten  North  American  species. 

lu  the  section  Strobus,  the  dwarf-shoots  usually  bear  five  leaves,  and  the 
apophysis  runs  out  into  a  projection  (umbo)  at  its  upper  edge :  it  includes  two 
sub-genera  :—£ustrobtt8,  with  pendulous  fruit-cones  and  winged  seeds,  in- 
cluding Pimu  Strobtu^  the  Weymouth  Pine;  P.  excelta,  fhe  Himalayan  Pine  ; 
P.  Lambertiana,  the  Sugar  Pine,  and  P.  monticola^  both  of  Oaliiornia  and' 
Oreg<m : — Cembra,  with  erect  or  divergent  cones  and  seeds  without  wings,  in- 
clading  Pinus  Cembra^ the  Stone  Pine  of  Switzerland  aud  Siberia;  P.flexilis,  of 
North  America ;  and  P.  parviJUtra^  of  Japan. 

Fam.  3.  Taxodinea :  monceoious  :  the  macrosporophyll  is  clearly  dififeren- 
tiated  into  an  outer  and  an  inner  (placental)  half ;  the  latter  forms  an  out- 
growth across  the  upper  surface  of  the  macrosporophyll,  which  may  even  reach 
tlte  surface  of  the  cone :  seeds  2-9,  either  axillary  and  erect,  or  borne  on  the 
Burfftce  of  the  macrosporophyll  and  inverted,  generally  without  a  wing  :  micro- 
sporophylls  bear  2-8  microsporangia :  microspores  with  expansions  of  the  exine : 
leaves  arranged  spirally. 

Sciadopitys  (S.  verticiiUUa),  the  Umbrella  Pine  of  Japan,  is  the  only  member 
of  the  family  which  has  long  and  dwarf-shoots,  the  latter  being  a  single  pair  of 
confluent  linear  leaves ;  the  placental  outgrowth  projects  beyond  the  apex  of 
the  macrosporophyll,  and  bears  a  transverse  row  of  about  seven  seeds  at  its 
base. — In  Gunninghamia,  the  placental  outgrowth  is  narrow  aud  membranous. 
—In  Athrotaxis.  the  Tasmanian  Cypress,  the  placental  outgrowth  is  a  thick 
ridge. — Sequoia  includes  the  two  species  of  large  Calif  ornian  trees,  S.  sempervircfiSf 
tbe  Californian  Bed- wood,  and  S.  (WelUngionia)  (fiyantea,  celebrated  for  the 
great  height  to  which  they  grow  (over  300  feet),  with  a  circumference  of  50-GO 
feet  at  the  base ;  the  placental  outgrowth  is  a  slight  transverse  ridge.    In  the 
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preceding  genera,  the  seeds  are  all  borne  on  the  placental  region  of  the  macro- 
sporophyll  and  are  inverted ;  in  the  following  genera  the  seeds  are  axillary  and 
erect.  Cryptomeria  has  an  erect  fringed  placental  outgrowth.— Taxodiam,  is 
the  decidaons  Cypress  of  North  America ;  its  leaf -hearing  twigs  are  thrown  off 
each  year  (T.  dittichum),  or  persist  for  two  years  {T.  mexicanum)  :  the  placental 
outgrowth  overgrows  the  macrosporophyll  as  the  cone  ripens. — Glyptostrobus 
is  the  Chinese  Water  Pine ;  it  differs  from  Taxodinm  only  in  that  the  seed  has 
a  wing. 

Fam.  4.  Cupresnnea:  monoecious,  sometimes  dioecious:  macrosporophylls 
with  a  projecting  placental  outgrowth:  seeds  axillaiy,  erect,  often  winged: 
microspores  without  expansions  of  the  exine :  leaves  always  arranged  in  whorls. 
In  the  sub-family  AcHnoitrobiruty  including  the  genera  Actinostrobus,  CalM- 
tria,  and  Fitzroya,  the  ripe  cone  is  woody  and  the  constituent  macrosporophylls 
are  arranged  in  a  valvate  manner. 

In  the  sub -family  Thujopndina^  including  the  genera  Thujopsis  and  Thuja 
(incl.  Libocedrus  and  Biota)  the  ripe  cone  is  woody  and  the  constituent  macro- 
sporophylls are  arranged  in  an  imbricate 
manner.  The  most  familiar  species  are 
Thuja  occidentalU,  the  American  Arbor 
Vita,  and  Thuja  (Biota)  orimtalU,  the 
Chinese  Arbor  Vitie. 

Id  the  sub-family  Cupresiina,  includ- 
ing the  genera  Cnpressus  and  Ghamecy- 
paris,  the  ripe  cone  is  woody  and  con- 
sists of  2-6  pairs  of  peltate  macronporo- 
phylls  coherent  by  their  margins  in  a 
valvate  manner.  The  genus  Gupressns, 
the  Cypress,  has  several  seeds  on  each 
macrosporophyll :  in  Chamscyparis  each 
macrosporophyll  bears  only  two  seeds. 

The  sub-family  Juniperina,  including 
the  single  genus  Juniperus,  is  distin- 
guished from  the  preceding  sub-families 
in  that  the  flowers  are,  as  a  rale,  dioe- 
cious ;  the  ripe  cone  is  somewhat  fleshy, 
resembling  a  berry  or  a  drupe ;  it  usually 
consists  of  one  whorl  of  macrosporophylls 
each  bearing  one  or  two  wingless  seeds. 
The  section  Garyocedrus  (Arceuthos),  containing  the  single  species  Juniperus 
drupacea,  has  a  cone  consisting  of  3  or  4  whorls  of  macrosporophylls ;  whereas 
in  the  section  Oxycedrus  (including  Juniperus  communig,  the  Juniper  ;  J,  Oxy* 
cedrw,  J.  macrocarpa,  and  other  species),  the  cone  consists  of  1-2  whorls ;  and 
in  the  section  Sabina  (including  J.  Sabina,  J.  virgimana,  etc.),  it  consists  of  2-3 
whorls ;  the  innermost  or  uppermost  whorl  alone  is  fertile  as  a  rule,  in  Garyo- 
cedrus and  in  Oxycedrus,  but  is  sterile  in  Sabina :  in  Garyocedrus  the  (2-8)  seeds 
are  coherent,  in  the  other  two  sections  they  are  free :  in  Sabina  the  flowers 
are  generally  monoecious ;  in  Sabina  also  the  leaves  (including  sporophylls)  are 
usually  in  whorls  of  2,  whilst  in  the  other  two  sections  they  are  in  whorls  of  8. 


Kio.  306.— il  Branch  of  Thuja  otei- 
cUntalis  (x6)  showing  heteropbylly ;  k 
flank-leaves;/  snrf ace-leaves ;  h  resin, 
receptacle  (see  p.  464).  B  Fruit  of  fiv>ea 
orienia\\»  (nat.  sise) :  /  macrosporophylls 
with  ventral  outgrowths  d;  d  (in  the 
middle  line)  sterile  sporophylls. 
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Sal>-order  II.    Taxoidbjb  :  the  maorosporangiate  flowers  are,  as  a  rnle,  not 

cones ;  the  seed  nsnally  projects  heyond  the  macrosporophylls  (when  present) 

and  has  a  sncoalent  testa  or  an  ariUas : 

flowers  generally  dioecious. 
Fam.l.  Podoearpea:  the  maorosporangiate 

flower  consists  of  several  macrosporophylls 

each  bearing  a  single  maerosporangium :  the 

ripe  seed  is  invested  by  an  arillas :  the  micro- 

sporophylls  each  bear  two  miorosporangia ; 

the  microspores   have   expansions   of   the 

exine. 
This  family  includes  the  genera  Saxegothea, 

Microcachrys,  Podocarpus,  and  Dacrydinm. 

Saxegothea  resembles    the   Gapressines  in 

that  the  macrosporophylls  enclose  the  s^eds ; 

this  genus  is  monoecious.    On  the  other  hand 

Dacrydium  resembles  the  Taxes  in  that  the 

macrosporophylls  are  very  similar    to  the 

foliage- leaves,  and   in  that  the  macrospor- 

angia  are  sometimes  borne  in  the  axils  of 

the  macrosporophylls,  and  are  then  erect, 

whereas  in  all  other  oases  they  are  inverted. 
Fam.  2.     Taxea  :    the  macrosporophylls 

are  usually  rudimentary  or  absent,  and  the 

macrosporangia  are  borne  on  the  axis :  the 

seed  has  an  arillus  in  some  forms,  while  in 
others  it  has  a  succulent  testa :  microsporo- 
phylls  with  2-9  microsporangia  :  microspores  without  expansions  of  the  exine. 
Phyllocladus,  remarkable  for  its  rudimentary  leaves  and  for  the  development 
of  its  dwarf-shoots  into  phylloclades,  has  thick  persistent  macrosporophylls ; 
in  the  axil  of  each  there  is  a  single  erect  maerosporangium  with  an  arillaB : 
flowers     sometimes     monoecious. 
Ginkgo  hiloha  {SaltMbnria  adianti' 
folia),   the  Maiden-Hair  Tree,  is 
characterised  by  its  fan-shaped  de- 
eidooos  leaves  with  furcate  vena- 
tion :    the    macrosporopliylls    are 
rudimentary:  the  macrosporangia 
are  borne  in  an  opposite  pair  at  the 
end  of  a  short  stalk:  no  arillus, 
bat  the  testa  of  the  seed  becomes 
Buccalent.  .       Cepbalotaxus     (the 
Chinese  Tew)  and  the  genera  Taxus 
(the  Tew)  and  Torreya  (the  Fetid 
Tew  of  North  America)  have  only 
long  shoots :  the  maorosporangiate 
flowers  and  the  ripe  seeds  of  Ce- 
pbalotaxus resemble  those  of  Gink- 


Fie.  307.—  A  ICacroeporangiate 
flower  of  Juniptrut  Sahina,  seen  from 
above :  //  fertile  macrosporophylls, 
bearing  macrosporangia  •;  ff 
npper  part  of  sterile  sporophylls 
(mag.).  B  and  C  Junip§rH$  oom- 
munw.  B  yoang  frait:  ///  macro- 
sporophylls,  of  which  the  anterior 
is  tamed  down :  « the  ovules.  C  ripe 
fmit;  the  liratts  of  the  three  carpels 
are  only  distinguishable  at  the 
apex. 


Fig.  308.—^  Branch  of  Toxu*  haccata  bearing 
a  fmit/,  which  consists  of  a  fleshy  arillus  en- 
closing a  seed.  B  Longitudinal  section  of  the 
end  of  a  branch  terminating  in  a  macrospo- 
rangiate  flower:  h  scaly  bracts;  k  terminal 
macr<  »sporangium  (nuoellus) ;  i  the  integument ; 
m  the  micropyle  t  a  the  rudiment  of  the  arillus 
(X20). 
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go :  in  Torreya  and  Taxus  (Fig.  308)  there  are  no  macro8poroph.vUs,  the  macro- 
sporangia  being  borne  singly  at  the  end  of  short  lateral  shoots,  and  the  seed 
has  a  fleshy  arillas.  Tixus  has  no  resin-ducts  in  its  tissues :  its  microsporo- 
phyll  is  peltate,  bearing  5-9  miorosporangia  on  its  under  surface. 

Order  3.  Gnetaceae.  This  order  includes  but  three  genera,  Ephedra, 
Gnetum,  and  Welwitschia.  Though  they  differ  widely  from  each  other  in 
many  respects,  they  agree  in  that  they  have  opposite  leaves ;  flowers  which  are 
not  cones  and  which  have  a  rudimentary  perianth,  but  have  no  macrosporopbylls 
as  the  maorosporangia  are  borne  on  the  axis;  an  albuminous  erect  seed; 
a  dicotyledonous  embryo;  and  secondary  wood  which  contains  true  vessels. 
They  are  generally  dioecious. 

The  flowers  are  arranged  in  single  or  compound  spicate  inflorescences,  ausing 
either  singly  (Welwitschia)  or  in  clusters  from  the  axils  of  pairs  of  opposite  and 
decussate  bracts.  The  bracts  are  highly  developed  and  closely  packed  in  Wel- 
witschia, so  that  the  whole  inflorescence  has  a  somewhat  cone- like  appearance. 

The  perianth,  in  all  cases  uncoloured,  consists  of  a  single  pair  of  coherent 
perianth- leaves,  except  in  the  microsporangiate  flowers  of  Welwitschia,  where 
there  are  two  decussate  pairs  of  free  perianth-leaves. 

The  microsporangiate  flower,  in  addition  to  the  perianth,  consists:  in 
Ephedra,  of  a  short  projecting  axis  bearing  3-8  microsporophylls  represented 
by  sesHile  or  shortly- stalked  anthers  each  bearing  two  miorosporangia ;  in  Gnetam, 
of  a  short  projecting  axis  directly  bearing  one  or  two  microsporangia ;  in  Welwit- 
schia, of  six  monadelphous  microsporophylls  with  well-developed  filaments  each 
bearing  a  terminal  anther  with  three  microsporangia,  surrounding  a  rudimentary 
macrosporangium,  with  a  projecting  integument,  in  the  centre  of  the  flower. 

The  macrosporangiate  flower,  in  addition  to  the  perianth,  consists,  in  all 
three  genera,  of  a  terminal  macrosporangium,  borne  on  the  axis ;  it  is  invested 
either  by  a  sing'e  integument,  as  in  Ephedra  and  Welwitschia,  which  is  pro- 
duced into  a  long  projecting  raicropyle;  or  by  two  integuments  (Gnetum)  the 
iuner  of  which  forms  a  long  projecting  micropyle. 

The  fruit  is  formed :  in  Ephedra,  by  the  succulent  development  of  some  of 
the  bracts  of  the  inflorescence  which  assume  a  red  colour  and  enclose  the  fruit- 
lets  formed  irom  the  several  flowers  by  the  liKuification  of  the  perianth  round 
the  seed ;  in  Gnetum,  by  the  succulent  development  of  the  perianth  and  the 
lignification  of  the  outer  integumeut,  in  each  separate  flower ;  in  Welwitschia, 
by  the  further  development  of  the  bracts,  which  assume  a  bright  scarlet  colour, 
at)d  by  the  growth  of  the  perianth  around  the  seed  so  as  to  form  a  wing-like 
expansion,  the  winged  seeds  being  set  free  by  the  falling  to  pieces  of  the  cone- 
like inflorescence  from  below  upwards. 

Ephedra  is  a  genus  of  shrubby  plants,  with  rudimentary  leaves,  somewhat 
resembling  an  Equisetnm.  It  is  etipecially  remarkable  on  account  uf  its 
peculiar  embryogeny  (see  p.  471).     Habitat,  warmer  temperate  zone. 

Gnetum  is  a  genus  of  shrubs  or  trees,  for  the  most  part  climbers,  but  some 
erect-growing  (Gtietum  Gnenion) :  with  its  broad  well-developed  foliage-leaves, 
with  pinnate  venation,  it  resembles  the  Dicotyledons  in  habit.  Habitat,  the 
tropics. 

Welwitschia  includes  the  single  species  U\  mirabilU  :  it  is  remarkable  for  its 
short  thick  stem,  prolonged  below  into  a  tap-root,  with  a  broad  flat  somewhat 
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oinmlar  bilobed  apper  surface,  a  single  long  persistent  foliage-leaf  beins  borne 
at  the  margin  of  each  lobe :  the  inflorescenoes  are  borne  in  diohotomous  cymes, 
Tuaally  in  the  axil  of  each  of  the  two  leaves.  Habitat,  Damaraland,  Western 
Soath  Africa. 


DIVISION  B. 
ANGIOSPERMiE. 

The  plants  of  this  class  are  to  a  large  extent  herbaceous  annnals, 
biennials,  or  perennials ;  bat  it  also  includes  a  great  number  of 
shrabs  and  trees. 

The  Sporophttb. 

The  General  Morphology  of  the  Vegetative  Organs  is  so  varied  that 
it  cannot  be  dealt  with  in  a  general  way.  The  reader  is  referred 
to  the  treatment  of  the  subject  in  Book  I.,  and  to  the  descriptions 
given  in  the  systematic  account  of  the  class. 

The  General  Morphology  of  the  Reproductive  Organs.  The  repro- 
ductive organs  are  pollen-sacs  ( micros  porangia)  and  ovules  (macro- 
sporangia),  borne  generally  on  sporophylls,  but  sometimes  directly 
on  the  floral  axis  {e.g,  microsporangia  of  Naias,  Casnarina,  etc. ; 
roacrosporangia  of  Polygonum,  PrlmulacesB,  etc.)  :  they  are  de- 
veloped in  special  shoots  differentiated  as  flowers,  and  the  flowers 
are  arranged  in  a  more  or  less  complex  branch -system,  the  in- 
florescence. 

The  Inflorescence  (see  p.  76).  It  is  only  in  comparatively  few 
cases  that  the  primary  axis  of  the  plant  terminates  in  a  flower ; 
finch  plants  are  said  to  uniaxial :  it  is  usually  not  until  the  secon- 
dary or  tertiary  branches,  or  even  those  of  a  higher  order,  are 
developed,  that  a  flower  is  formed.  Such  plants  are  said  to  be 
hi-,  tri-,  or  poly-nxial. 

The  floral  axis  of  the  Angiosperms  frequently  forms  an  elaborate 
branch-system  which  is  usually  sharply  defined,  as  a  sporophore, 
from  the  vegetative  shoots,  and  which  bears  leaves  which  are 
either  sporophylls  or  hypsophylls  (p.  59). 

In  the  inflorescence,  as  usually  in  all  parts  of  the  shoot  of 
Angiosperms,  the  branching  is  almost  alwa3's  monopodial  and 
axillary.  Some  apparent  exceptions  may  be  easily  reduced  to  this 
type:  thus,  in  the  racemes  of  most  of  the  Cruciferee  the  bracts  at 
the  bases  of  the  individual  lateral  branches  are  abortive,  and  the 
same  occurs  in  many  of  the  Compositee.     In  the  Solanaceoe  and 
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BoraginaceaB  the  bract  often  undergoes  displacement,  so  that  it 
appears  to  be  inserted  laterally  upon  the  axillary  branch ;  on  the 
other  hand,  it  sometimes  happens  that  the  axillary  branch  is 
adherent  to  the  main  shoot  for  some  distance. 

The  flowers  of  an  inflorescence  are  either  sessile  or  stalked,  the 
stalk  being  termed  a  pedicel. 

In  accordance  with  the  principles  of  branching  laid  down  on 
p.  33,  the  different  forms  of  inflorescences  may  be  classified  as 
follows : — 

A.  R4ieemo«e  Tnfloreteeneei  oonsist  of  a  main  axis  (rhachis,  peduncle), 
bearing  a  namber  of  lateral  branches  developed  in  acropetal  (or  centripetal) 
succession,  oonstitating  a  monopodial  branch-system.  The  lateral  branches  do 
not  usually  grow  longer  than  that  portion  of  the  main  axis  which  lies  above 
their  points  of  origin.  If  the  lateral  shoots  of  the  first  order  terminate  in  a 
flower  without  again  branching,  the  inflorescence  is  said  to  be  simple ;  but  if 
they  branch,  it  is  compound. 

These  inflorescences  are  also  termed  indefinite,  not  because  the  apical  growth 
of  the  main  axis  or  of  its  branches  is  unlimited,  but  because,  owing  to  the 
acropetal  succession  in  the  development  of  the  flowers,  the  growth  of  branches 
of  a  high  order  is  arrested,  by  the  development  of  a  terminal  flower,  earlier  than 
that  of  branches  of  a  lower  order :  for  instance,  the  growth  of  the  secondary 
branches  is  arrested  before  that  of  the  main  axis,  that  of  the  tertiaiy  branches 
before  that  of  the  secondary  branches,  and  so  so. 

I.  Simple  racemose  inflorescences  : 

(a)  With  an  elongated  main  axis :  the  lateral  shoots  spring  from  the  axis  at 
some  distance  from  each  other.  The  three  following  forms  may  be  distin- 
guished : 

(1)  The  spike,  in  which  the  lateral  branches  are  flowers  which  are  sessile  on 
the  main  axis,  or  have  very  short  pedicels  (Fig.  309  A) ;  e.g.  the  inflorescence 
of  the  Plantain  (Plantago).  The  small  spikes  of  the  Glumales  are  termed 
spikelets. 

(2)  The  Bvadix,  which  differs  from  the  spike  only  in  having  a  thick  and  fleshy 
axis ;  a  large  bract  forming  a  sheath,  called  a  spathe,  commonly  grows  at  the 
base  of  the  inflorescence  and  envelopes  it  more  or  less;  e.g.  Arum  and 
Richardia. 

(3)  The  raceme,  in  which  the  latersl  branches  are  flowers  with  pedicels  of 
nearly  equal  length,  e.g.  the  Cruciferfo,  as  the  Radish,  Cabbage,  etc. ;  in  these 
the  bracts  of  the  individual  flowers  are  not  developed ;  also  fierberis  and  others. 

ifi)  With  a  short  main  axis  ;  the  lateral  branches  are  set  closely  together  on 
the  short  or  flattened  main  axis. 

(4)  The  capitulum  (head)  in  which  the  short  main  axis  is  conical  or  disc- 
shaped or  even  hollowed  out,  and  is  closely  covered  with  lateral  branches  in 
the  form  of  sessile  flowers  (FJg.  309  D),  e.g.  the  GompositsB,  as  Dandelion. 
Sunflower ;  also  the  Scabious.  The  bracts  (palees)  of  the  individual  flowers 
(Fig.  809  D  j))  are  sometimes  wanting ;  but  the  whole  head  is  surrounded  at  the 
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baae  by  a  namber  of  bracts  forming  an  involuere  (Fig.  309  D  i)  which  gives  the 
inflorescence  the  appearance  of  being  one  single  flower. 

(5)  The  umbelt  composed  of  a  namber  of  lateral  branches,  in  the  form  of 
pedicillate  flowers,  springing  together  from  a  very  short  axis  which  commonly 
terminates  in  a  flower  (Fig.  309  C  d)  ;  e.g.  the  Umbelliferie  and  the  Ivy.  The 
bracts  of  the  separate  pedicels  forming  the  ray$  are  usually  present  in  diminished 
namber ;  they  form  an  involucre. 

II.  Compound  racemose  influreicencee  are  formed  when  the  lateral  shoots 
which  bear  flowers,  as  described  above,  are  again  branched,  or,  in  other  words, 
when  inflorescences  of  the  types  above  enumerated  are  united  to  form  a  larger 
inflorescence ;  for  instance,  when  several  capitula  are  arranged  on  the  main 
axis  in  the  same  way  as  the  flowers  of  a  raceme.  The  same  terms  are  applied 
to  the  first  ramification  of  the  compound  inflorescence  as  to  the  simple  ones 
described  above ;  the  above-mentioned  example,  for  instance,  is  a  raceme  of 
capitala,  and  is  termed  a  capitulate  raceme.  Compound  inflorescences  may  be 
classified  as  follows : 

(a)  Homogeneously  compound;  in  these  the  branches  of  the  first  and  second 
(or  higher)  orders 


^^"""^ 


'^W 


are  of  the  same 
character. 

(6)  The  com- 
pound spike;  in 
this  form  many 
simple  spikes  are 
arranged  on  the 
main  axis  of  the 
inflorescence  in 
the  same  way  as 
the  flowers  in  a 
simple  spike,  or, 
in  other  words, 
the  main  axis  of 
the  spike  bears 
secondary  spikes 
instead  of  single 
flowers,  e.g.  the  inflorescence  of  Wheat,  Bye,  etc. 

(7)  The  compound  raceme  ;  in  this  case  smaller  racemes  grow  on  the  main 
axis  of  the  raceme ;  the  ramification  is  in  many  cases  still  farther  repeated  in 
Boch  a  way  that  it  is  more  complex  at  the  base  of  the  primary  raceme  than 
towards.tbe  apex,  e.g.  the  Grape-vine  (Fig.  309  B), 

(8)  The  compound  umbel  (Fig.  309  C).  This  is  far  more  common  than  a 
simple  umbel,  and  is  in  fact  usually  called  an  umbel;  the  separate  simple 
nmbels  (Fig.  309  C  d)  are  then  called  umbellulest  and  their  respective  involucres 
are  invnlueels. 

(/9)  Heteroqeneously  compound  inflorescences;  in  these  the  branches  of  the 
different  orders  are  dissimilar.  In  consequence  of  this  so  many  complicated 
forms  arise  that  it  is  impossible  to  enumerate  and  name  all  the  combinations. 
As  examples,  the  following  will  only  be  mentioned:  the  capitulate  raceme, 


Fie.  309.— Diagrams  of  the  varieties  of  raoemoee  infloreBoences. 
A  Spike.  B  Compound  raoeme.  0  Comx)oand  nmbel;  d  rays 
of  the  umbel;  %  iavolncre;  d^  secondary  rays  of  the  nmbellales; 
ii  involaoel.    D  A  capitolom ;  i  involacre ;  b  flower ;  p  bracts. 
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which  consiiitB  of  a  number  of  capitals  arranged  in  a  raceme ;  it  ocears  in  many 
of  the  CompositfB,  e.a*  Peta^ftea :  the  tpieate  eapihUuin^  which  consists  of 
BCTeral  spikes  fonaing  a  capituium,  as  in  the  SoirpoideiB  :  the  tpieate  raceme ^ 
which  occurs  in  many  Grasses,  in  which  the  last  branches  of  a  compound 
raceme  are  spikes. 

^  B.  Cymote  Injioreseeneei  :  the  main  axis  produces  one,  two,  or  more  latertl 
branches — rarely  beveral—  at  the  same  level  below  its  apex,  which  grow  more 
vigorously  than  the  main  axis,  and  repeat  the  same  type  of  branching. 

These  inflorescences  are  als  i  termed  dejimte  beeause  the  growth  of  each  axia 
is  arrested,  by  the  development  of  a  terminal  flower,  before  that  of  the  lateral 
branch  or  branches  which  it  bean.  The  simplest  kind  of  definite  inflorescence 
Ih  that  in  which  the  axis  (peduncle)  does  not  branch,  but  bears  a  single  termiual 
flower. 

Cyiiiose  inflorescences  are  also  termed  eentrifugalj  because  the  development 
and  expansion  of  the  flowers  begins  with  the  primary  axis,  and  occurs  succes- 
sively iu  tbe  axes  of  the  second,  third,  and  higher  orders. 

I.  In  the  Mimp'e  cyme  the  ramification  in  the  secondary  and  higher  orders 
follows  the  same  type. 

(a)   Without  a  pieud-tixii  (see  page  35). 

The  cyme :  beneath  the  terminal  flower  spring  several — three  or  more- 
lateral  shoots  of  equal  vigour,  e.g.  many  Euphorbia.  This  inflorescence  greatly 
resembles  the  true  umbel,  and  in  fact  cannot  be  distinguished  from  a  true 
umbel  which  has  a  terminal  flower.  The  identification  of  an  inflorescence  as 
belonging  to  the  cymose  type  depends  in  many  cases  on  the  fact  that  in  the 
higher  orders  of  branching  the  cymes  are  reduced  to  diobasia.  « 

The  dichatium  (Figs.  19  C  and  20)  consists  of  only  two  equal  lateral  shoots 
arising  at  the  same  level  below  the  terminal  flower,  and  branching  in  a  similar 
manner.  The  successive  false  dichotomies  commonly  decussate,  e.g.  Valerian- 
ella  and  the  weaker  inflorescences  of  many  Euphorbia. 

()3)  With  a  pgeud'Oxii, 

The  tcorpioid  cyme  (cincinnus  and  rhipidium) :  in  this  th^  lateral  branches 
occur  alternately  on  opposite  sides  (Fig.  19  A  and  B) :  BoraginaoeaB,  Crassu- 
laceie,  Iridaceae,  Commelynaceae,  etc. 

The  helicoid  eyme  (bostryx  and  drepanium) :  the  lateral  branches  of  the 
successive  ramifications  always  occur  on  the  same  side  (Fig.  19  D) :  this  is 
frequently  found  in  Monocotyledons,  such  as  Hemerocallis,  Omithogalum, 
Alstrcemeria,  Jnncaceffi. 

It  has  been  ancertained,  however,  that  in  many  cases  (various  Solanaceae  and 
Boraginacefls)  tbe  so-called  scorpioid  cymes  are  monopodial ;  the  axis  is  there* 
fore  not  a  pseud-axis  but  a  true  one,  and  the  infioiescence  must  be  regarded  as 
a  •  nilateral  raceme. 

II.  Compound  cymote  iftjlrresceneei  arise  on  the  one  hand  from  the  reduction 
of  the  ramification  in  tbe  higher  orders,  as,  for  instance,  when  the  secondary 
members  of  a  cyme  are  not  cymes,  but  dichasia:  these  are  dichatiat  eyme$  \ 
they  occur  in  many  Euphorbiaa :  again,  when  diohasia  terminate  in  scorpioid  or 
helicoid  cymes.  On  the  other  hand  it  sometimes  occurs  that  helicoid  cymes 
are  combined  to  form  scorpioid  cymes,  as  in  Geranium. 

C.  Compound  racemone  and  cymusf  tnjloresccnces.    It  may  occur  that  a  com- 
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poand  inflorescence  changes  in  type  in  the  different  orders  of  ramification. 
Thus  the  branches  of  the  first  order  may  exhibit  a  racemose  arrangement,  and 
those  of  the  second  a  cymose  arrangement,  as  in  the  dichasial  racemes  of  many 
EaphorbiiB  {e.g,  E.  E»ula,  amygdaloxdes)^  in  the  scorpioid  racemes  of  the  Horse- 
cbestnnt,  and  in  the  helicoid  capitola  of  many  species  of  Allium.  On  the  other 
band  the  branches  of  the  first  order  may  have  a  cymose,  and  those  of  the 
second  a  racemose  arrangement ;  for  instance,  the  helicoid  cymes  of  capitula  in 
Ciehoriam.  ' 

Finally,  there  are  certain  terms  used  in  describing  inflorescences  which  refer 
only  to  the  general  external  appearance  rather  than  to  the  mode  of  formation  of 
the  inflorescence :  thus,  the  panicU  is  a  pyramidal  inflorescence  generally  of  the 
racemose  type,  at  least  in  its  first  ramification  :  the  corymb  is  a  racemose  in-- 
fiorescenoe  of  which  all  tbe  ultimate  ramifications  lie  in  one  plane  and  bear 
flowers,  e.g,  the  Elder,  many  Grnoifer» :  the  amentum  (catkin)  is  a  simple  or 
compound  spicate  infiorescence,  usually  pendulous  and  elongated,  bearing  in- 
conspicuous monosporangiate  flowers,  which  falls  ofif  entire  from  the  plant  when 
tbe  flowering  is  over.  Of  cymose  inflorescences  there  is  the  /aaeieU,  oonsistiog 
of  a  numfier  of  flowers  on  pedicels  of  equal  length  (Sweet  William) ;  the  glome- 
rule  (Nettle  and  Box)  or  verticillaiter  (many  Labiate },  consisting  of  a  fewoessile 
or  shortly  pedicillate  flowers ;  and  the  aiUhela,  whioh.  is  a- compound  inflores- 
cence, in  which  the  branches  of  the  first  order  are  gradually  shorter  from  below 
upwards  (or  rather  from  without  inwards),  as  in  Juncaceie. 

To  a  floral  axis  arising  from  the  ground,  with  no  leaves,  or  with  only  a  few 
bracts,  bearing  a  single  flower  or  a  more  or  less  complex  infloiesceoce,  the  term 
tcape  is  applied. 

The  Bracts  (p.  79)  are  leaves  borne  on  the  inflorescence,  in  the 
axils  of  which  the  flowers  are  developed  :  there  may  be  a  single 
large  bract,  termed  a  spathe,  enclosing  the  whole  inflorescence,  as  in 
Palms  and  in  the  Arum  hxiy  (Zantedeschia  cethiopica)  where  the 
bi-act  is  white ;  or  the  bi*acts  may  be  brightly  coloured  (petaloid),  as 
in  Poinsettia  and  other  EuphorbiacesB  where  they  are  red,  and  in 
Leycesteria  formosa.  Melampyrum,  etc. ;  or  the  bracts  may  be  scaly, 
forming  an  involticre  round  the  inflorescence  as  in  the  CompositaB : 
the  glumes  oi  the  Grasses  are  scaly  bracts  ;  the  bracts  are  frequently 
not  very  unlike  the  foliage- J  eaves,  differing  from  them  mainly  in 
form  and  size. 

The  portion  of  the  floral  axis  below  the  flower  (t.e.  the  peduncle 
or  the  pedicel)  commonly  bears  one  or  more  hradeoles  or  prophy  I  la. 
In  most  Monocotyledons  there  is  a  single  postenor  prophyllura, 
whilst  in  most  Dicotyledons  there  are  two  lateral  prophylla.  In 
some  Monocotyledons,  however  (e.g.  Hydrocharidaceee,  such  as 
Elodea,  Vallisneria,  Halophila;  and  Amaryllidaceeo,  such  as 
Galanthus,  Narcissus,  Leucojum,  etc.),  there  are  two  lateral  pro- 
phylla (remaining  free  in  Hsemanthus)  which  unite  to  form  the 
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so-called  spathe  which  invests  the  flower  of  these  plants.  On  the 
other  hand,  some  Dicotyledons  have  a  sinf^le  prophjllum  which  is, 
however,  always  lateral :  this  is  frequently  the  result  of  the  sup- 
pression of  the  second  prophyllura,  but  there  are  cases  {Banunculus 
aquaiilis,  auricomus^  Litigua)  in  which  this  is  apparently  the  normal 
condition. 

In  some  cases  several  bracteoles  are  arranged  in  a  whorl,  forming 
an  epicalyx,  either  close  beneath  the  flower  (as  in  Malva,  Anemone 
Hepati'ca,  Dipsacus,  Clusia,  Camellia),  or  at  some  distance  below  it 
(other  species  of  Anemone).  In  some  Nyctaginaceae  the  epicalyx 
may  become  an  involucre  enclosing  several  flowers  ;  this  is  due  to 
the  fact  that  flowers  are  developed  in  the  axils  of  some  of  the  bracte- 
I  oles  of  the  terminal  flower.  Though  they  are  generally  fifreeu,  the 
bracteoles  are  sometimes  brightly  coloured,  as  in  some  Amarantacete 
I  and  y  vctagmaceeg ;  or  scaly,  as  the  lodicules  of  Grasses. 

The  1^/otceFXp.  76)  consists  of  an  axis  bearing,  as  a  rule,  both 
perianth -leaves  and  sporophylls  on  the  somewhat  shortened  and  ex- 
panded terminal  portion  of  the  axis  which  is  the  receptticle  or  torus. 

The  perianth-leaves  are  generally  differentiated  into  two  series  : 
an  outer,  of  usually  rather  small  green  leaves,  the  sepals,  consti- 
tuting the  calyx :  an  inner,  of  usually  conspicuous  brightly  coloured 
leaves,  the  petals,  constituting  the  corolla. 

The  flower  is  usually  ambisporangiate  (hermaphrodite,  mono- 
clinous),  but  is  not  infrequently  monosporangiate  (unisexual, 
diclinous,  or  even  dioecious).  The  sporangia,  with  but  few  excep- 
tions, are  borne  upon  sporophylls  (see  p.  78) :  the  microsporophylls 
(stamens)  constitute  the  androscium,  the  macrosporophylls  the 
gynwceum,  of  the  flower. 

The  growth  of  the  floral  axis  terminates  with  the  development 
of  the  floral  leaves  at  its  apex,  excepting  in  abnormal  cases  ;  and 
buds  are  not  developed,  except  in  monstrosities,  in  the  axils  of 
these  leaves.  The  characteristic  feature  of  that  portion  of  the 
floral  axis  which  actually  bears  the  flower  is  that  the  intemodes 
between  successive  floral  leaves  or  whorls  of  leaves,  are  not  as  a 
rule  developed,  so  that  all  the  floral  leaves  are  closely  packed  and 
are  nearly  at  the  same  level,  the  perianth- leaves  being  external 
and  the  sporophylls  internal.  It  occasionally  happens,  however, 
that  one  or  more  of  the  internodes  within  the  flower  may  be  deve- 
loped to  some  extent :  for  instance,  the  internode  (termed  antlw- 
pliore)  between  the  calyx  and  the  corolla,  as  in  Lychnis  and  some 
other  CaryophyllaceoB ;  that  (termed  gonophore)  between  the  corolla 
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and  the  androecium,  as  in  the  Passion-Flower,  and  in  Orchids 
where  the  styles  adhere  to  it  forming  the  gynostemium  or  column ; 
that  (termed  gynophore)  between  the  androeciam  and  the  gynaecenm, 
as  in  Cleome  (Capparidacese),  some  Gentians,  and  some  Cruciferse : 
in  Gynandrop^is  (Capparidacead)  two  intemodes  are  developed,  a 
gonophore  and  a  gynophore. 

When  the  axis  gi*ows,  as  is  usually  the  case,  equally  in  all  parts, 
the  gyno9ceuni,  being  nearest  to  its  apex,  is  the  uppermost  part  of 
the  flower.  When  this  is  the  case  its  insertion  is  above  that  of 
the  androecium  and  perianth  (Fig.  310  H),  and  the  ovary  is  said 
to  be  superior  and  the  flower  hypogynous,  as  in  Ranunculus,  Papa- 
ver,  Lilium,  and  Primula.  But  in  a  great  number  of  plants  the 
perianth  and  androecium  are  raised  by  the  intercalary  growth  (see 
p.  17)  of  a  lower  portion  of  the  axis  (as  represented  by  the  outer 


Pio.  310.— Diagram  of  H  hyxMSgynona ;  P  perlgynons ;  E  epigynous  flowera ;  a  axia ; 
k  calyx ;  c  corolla ;  «  stamens ;  /  carpels ;  n  stigma ;  silc  ovale. 

portion  of  the  toras)  and  stand  on  a  circular  rim  surrounding  the 
apex  of  the  axis  which  lies  at  a  lower  level.  Of  this  condition 
two  different  forms  occur : — in  the  one,  the  carpels  are  inserted  in 
the  depression  at  the  apex  of  the  axis  (Fig.  310  P),  and  there  form 
one  or  more  ovaries  free  from  it,  primarily  at  least,  though  they 
may  subsequently  become  adherent  to  it;  in  such  cases,  as  in  the 
Rose  and  Apple,  the  flower  is  said  to  be  perigynous :  in  the  other, 
the  carpels  spring  from  the  upper  rim  of  the  cavity  which  is 
formed  by  the  axis  itself  and  simply  cover  it  in  at  the  top  ;  such 
flowers  are  said  to  be  epigynous,  and  the  ovary  to  be  inferior,  e.g, 
Oourds  and  UmbelliferaB  (Fig.  310  E).  Many  transitional  forms 
between  these  two  extremes  are  found. 

Stipules  are  sometimes  developed  in  connection  with  the  floral 
leaves;  thus  in  some  BosacesB  (Potentilla,  Comarum,  Geum,  Al- 
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cbemilla)  the  stipnles  of  the  sepals  form  a  caJyculus  or  epicalyx : 
stipales  are  developed  in  connexion  with  the  petals  of  some 
SapotaceoB  (Dipholis,  Mimnsops) ;  and  in  connexion  with  the 
stamens  of  Allinm,  Omithogalam,  some  Zjgophjllaceee,  etc. 

The  Phyllotaxy  of  the  Flower.  The  floral  leaves,  like  the  foliage- 
leaves  on  the  stem  (see  p.  25),  are  frequently  arranged  spirally, 
(e.g.  Calycanthas,  Anemone,  Trollins)  when  the  flower  is  acyclic^ 
The  most  common  divergence  is  f,  bat  higher  divergences  also 
occur,  especially  in  the  androecium,  when  numerous  small  organs 
are  inserted  upon  an  expanded  axis  {e»g.  Ranunculus).  In  the 
spiral  or  acyclic  flower  there  is  either  no  well-marked  distinction 
of  the  various  series,  that  is,  the  members  of  the  calyx,  corolla, 
and  andrcBcium,  are  connected  by  intermediate  forms,  (e.fj.  Nym- 
phsea) ;  or  the  various  series  are  sharply  defined,  each  series  taking 
up  one  or  more  turns  of  the  spiral. 

In  most  cases  the  floral  leaves  are  arranged  in  whorls,  that  is, 
the  flowers  are  cyclic.  Cyclic  flowers  are  conneci^ii.  .by  inter- 
mediate forms  with  the  acyclic,  especially  through  pentamerous 
forms.  Thus  some  pentamerous  flowers  are  hemxcydicj  that  is, 
some  of  their  floral  leaves  are  arranged  spirally,  and  the  others  in 
whorls.  Instances  of  a  spiral  perianth  combined  with  cyclic  sporo- 
phylls  are  afforded  by  those  flowers  in  which  the  members  of  the 
perianth,  calyx,  or  corolla  are  developed  in  f  succession,  and  the 
prefloi'ation  is  quincuncial  (see  p.  60) ;  the  perianth  is  spiral  in 
the  flowers  of  the  Cannabinace«B,  ChenopodiacesB,  and  Amarantaeese ; 
the  calyx  is  spiral  in  the  flowers  of  the  Bindweed  (Calystegia 
Sepium),  the  Rose,  some  Boraginacesa  (Cerinthe,  Echium,  etc.), 
Geraniaceae,  Oxalidaceae,  Linacese,  Caryophyllaceae,  and  many  other 
dicotyledonous  orders;  both  calyx  and  corolla  are  spiral  in  Tern-- 
stroemia  and  Clusia.  Though  the  phyllotaxy  is  not  -}  in  Camellia, 
the  calyx  and  corolla  are  spirally  arranged.  In  other  cases,  the 
sporophylls  are  spirally  arranged,  whilst  the  perianth-leaves  are 
cyclic.  For  instance,  in  Magnolia,  Ranunculus,  and  Helleborus, 
both  stamens  and  carpels  are  spirally  arranged ;  and  in  Delphinium 
and  Aconitum,  the  stamens  only. 

Closely  related  to  the  foregoing  cases  of  |  phyllotaxy^-occur- 
ring  in  fact  not  only  in  flowers  of  closely  allied  species,  but  also 
in  flowers  of  the  same  species — arc  certain  of  the  typical  forms  of 
cyclic  arrangement  in  which  each  series  (whether  perianth,  calyx, 
corolla,  or  andrcecium),  instead  of  consisting  of  ^ve  floral  leaves, 
taking  up  two  turns  of  a  spiral  with  a  divergence  of  |,  consists  of 
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fonr  or  aix  leaves  arranged  in  two  whorls,  consisting  respectively 
of  two  or  three  leaves. 

For  purposes  of  comparative  description,  it  is  convenient  to 
regard  each  turn  of  the  spiral  in  an  acyclic  or  a  hemicyclic  flower  , 
as  equivalent  to  a  whorl :  thus  a  well-deflned  series  with  |-  arrange-  i 
ment  wo  aid  represent  two  whorls.  i 

As  in  the  case  of  the  foliage-leaves  (see  p.  45),  so  in  that  of  the 
floral  leaves,  the  order  of  development  is  as  a  rule  acropetal : 
hence  each  whorl  of  the  flower  is  developed  later  than  the  one 
external  to  it,  and  earlier  than  the  one  internal  to  it.  When, 
however,  a  series  of  floral  organs  is  becoming  degenerate,  its  de- 
Telopment  is  retarded;  for  instance,  in  the  Compositie,  Valeri- 
anacesB,  and  UmbellifersB,  the  degenerate  calyx  is  developed  after 
the  corolla,  or  even  after  the  androecium.  The  members  of  each 
whorl  may  be  developed  either  simultaneously  or  successively. 

In  their  arrangement,  also,  the  floral  leaves  i*esemble  the  foliage- 
leaves.  When,  in  an  acjclic  or  hemicyclic  flower,  the  spiral  is 
continuous  with  the  same  divergence  from  one  series  of  floral 
organs  to  another,  the  members  of  the  successive  series  lie  on 
the  same  radii  drawn  from  the  centre  of  the  flower,  that  is,  they 
are  directly  superposed,  A  good  example  of  this  is  afforded  by 
the  terminal  flower  of  the  inflorescence  of  Berberis  (Fig.  311 ; 
occasionally  in  Epimedium,  and  also  in  Ga.gea  among  Monocotyle- 
dons), where  the  stamens,  petals,  and  sepals  are  all  directly  super- 
posed :  similarly  in  Temstroemia  and  Clusia,  where  the  sepals  and 
petals  are  in  a  continuoas  f  spiral,  the  petals  are  superposed  on 
the  sepals.  When,  on  the  other  hand,  the  divergence  varies  from 
one  series  to  another,  direct  superposition  does  not  occur,  but  some 
form  of  alternation,  as  is  generally  the  case  in  acyclic  flowers :  for 
instance,  the  calyx  of  certain  (pentamerous)  forms  of  Anemone 
and  other  RanuncalacesB  is  arranged  with  a  f  divergence,  whereas 
the  divergence  of  the  stamens  is  ^\  or  /f.  In  hemicyclic  flowers 
with  a  simple  spiral  perianth  and  cyclic  stamens  (e.g.  Canna- 
binacesd,  Chenopodiacese,  Amarantaceae),  the  stamens  are  super- 
posed on  the  perianth-leaves. 

When  the  floral  leaves  arc  in  whorls  consisting  of  equal  numbers 
of  members,  the  general  rule  is  that  the  members  of  the  successive 
whorls  alternate  with  each  other :  thus,  in  a  flower  with  calyx, 
corolla,  androecium,  and  gynseceum,  each  consisting  of  a  single 
whorl  of  five  members,  the  petals  alternate  with  the  sepals,  the 
stamens  with  the  petals,  and  the  carpels  with  the  stamens  ;  and 
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if  I'adii  be  drawn  from  the  centre  of  the  flower,  it  will  be  seen 
that  the  stamens  ai*e  opposite  to  the  sepals  and  the  carpels  to  the 
petals,  or  more  briefly,  that  the  stamens  are  antisepalous  and  the 
carpels  are  antipetalous.  This  is  not,  however,  a  case  of  direct 
superposition,  since  the  corolla  intervenes  between  the  andrcBciura 
and  the  calyx,  and  the  androecinm  intervenes  between  the  gynae- 
cenra  and  the  corolla. 

There  are,  however,  certain  cases  in  which  this  law  of  alternation 
does  not  prevail,  in  which,  that  is,  the  members  of  successive 
whorls  are  directly  superposed.  For  instance,  the  (4-5)  stamens 
are  directly  antipetalous  in  several  natui^l  orders  (Primulacese, 
Myrsinaceae,  Sapotaceae,  Plumbaginacene,  AmpelidaceaB,  Rham- 
iiaceae)  ;  again,  in  some  CampanulacesB  (e.g.  Campanula  Medium, 
Fig.  312,  Micliauxia)  the  (5)  carpels  are  directly  superposed  on 
the  stamens. 

The  Floral  Diagram, — These  various  arrangements  of  the  floral 


Pig.  311.— Floral  diagram  (ground-plan) 
of  an  acyclic  flow^er,  with  )  divergence  in 
the  caljz,  corolla,  and  androecium  (ter- 
minal flower  of  BerbcriB :  after  Eichler). 


Fio.  312.— Floral  diagram  of  Com- 
panula  Mtdium:  the  five  carpels  are 
directly  superposed  on  the  itamens. 
(After  Eichler). 


leaves,  like  those  of  the  foliage-leaves,  are  most  clearly  repre- 
sented by  means  of  diagrams  (see  p.  25).  In  a  floral  diagram,  the 
calyx  lies  externally,  and  the  gyneeceum,  as  being  the  uppermost 
series  of  organs  (even  in  epigynous  flowers)  lies  most  internally. 
In  order  to  be  able  readily  to  distinguish  the  various  series, 
symbols  are  used  which  recall  some  peculiarity  of  their  form : 
thus  the  midrib  of  the  sepals  is  indicated,  and,  in  the  case  of 
the  stamens,  the  anthers. 

If  only  such  relations  of  position  as  can  be  actually  observed  in 
a  flower  are  indicated  in  the  diagram,  a  simple  empirical  diagram 
is  the  result.  If,  however,  the  results  of  the  investigation  of  the 
development  of  the  flower  and  of  the  comparison  of  it  with  others 
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be  borne  in  mind,  a  general  plan  of  arrangement  will  ho  detected, 
and  the  individual  peculiarities  of  arrangement,  quid'  tipart  from 
anj  variation  in  the  form  of  the  organs,  will  be  seon  to  be  due 
either  to  the  suppression  of  one  or  more  whorls  or  of  one  or  more 
members  of  a  whorl,  or,  more  rarelj,  to  a  multiplication  of  the 
whorls  or  of  their  members.  If,  however,  the  organs  which  are 
absent,  but  which  should  typically  be  present,  be  indicated  in  the 
empirical  diagram  by  dots,  it  becomes  a  theoretical  diagram.  In 
this  way  it  is  possible  to  arrive  at  general  types  on  which  large 
nambers  of  flowers  are  constructed.  Fig.  313,  for  instance,  is 
the  empirical  diapptim  of  the  flower  of  the  Lily,  and  it  is  at  the 
same  time  the  type  on  which  the  flower  of  Grasses  (Fig.  314)  is 
construcf-ed  in  which  certain  members  ar6  suppressed^ 

In  constructing  a  floral  diagram  the  position  of  the  main  axis 
should  be  indicated  by  a  dot  placed  above  the  diagram:  the 
bract,  which  would  of  course  be  exactly  opposite  to  it,  may  or  may 


FiQ.  $13.— Floral  Diagram 
of  a  Lily. 


FxA.  314.— Floral  Diftgram 
of  a  OraM. 


Fie.  316.— Floral  Dia- 
gram of  a  Gracifer ;  the 
median  atamena  are 
duplicated. 


not  be  indicated :  the  side  of  the  flower  toward  the  main  axis  is 
paid  to  be  posterior,  and  that  toward  the  subtending  bract,  anterior,  "^^^  \ 
A  plane  which   passes  through  the  flower  and  also  through  the       K 
main  stem  and  the  median  line  of  the  bract  is  termed  the  median     ^ . 
pUne  or  section  of  the  flower :  the  plane  which  cuts  the  median 
plj'^jie    at   right  angles  is  the  lateral   plane  or   section:    and   the 
plane  which  bisects  the  angles  made  by  the  intersection  of  the 
median  and  lateral  planes  is  the   diagonal  plane  or  section:  any 
plane  other  than  these  is  said  to  be  oblique,     "By  means  of  these 
conceptions  the  position  of  the  parts  of  a  flower  may  be  accurately 
indicated :   thus,  in  describing  the  flower  of  the  Cruciferae  (Fig. 
315),  the  two  external  sepals  lie  in  the  median  plane;  the  two 
inner  sepals,  the  two  outer  stamens,  and  the  two  carpels,  in  the 
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lateral  plane ;  whilst  the  petals  and  the  four  inner  stamens  lie  in 
the  diagonal  planes. 

The  number  and  the  relations  of  the  different  parts  of  the  flower 
may  be  indicated  not  by  diagrams  only,  bnt  also  by  formulie  in 
which,  as  in  the  diagrams,  for  the  sake  of  clearness,  all  the 
peculiarities  of  form  are  overlooked.  Thus  the  diagram  Fig. 
313  may  be  expressed  by  the  formula  jK3,  C3,  AS  +  3,  G?',  which 
means  that  the  calyx  JT,  and  the  corolla  0,  each  consist  of  a 
single  whorl  of  three  members,  the  androecium  of  two  whorls 
each  of  three  members,  and  the  gynasceum  of  one  whorl  of  three 
members,  all  in  regular  alternation.  When  one  whorl  is  snper- 
posed  on  another,  the  superpositionjsjn.dicated  in  the_forjiiulaby 
a  line  J^^tween  the  whorls.  If  the  number  of  members  in  any 
whorl  is  variable,  the  letter  n  is  used  instead  of  a  number.  Thnfl, 
for  instance,  JTu,  Cn,  An  +  n.  On  is  the  theoretical  formula  of 
most  Monocotyledons.  The  absence  of  a  whorl  is  expressed  by  a 
cypher  0,  and  of  individual  members  by  the  number  of  those 
actaally  present.  Thus  the  formula  for  the  flower  of  a  Grass 
(Fig.  314)  is  KO,  CO,  A3  -h  0,  (?.  Superior  and  inferior  ovaries 
are  indicated  by  a  sti*oke  below  or  above  the  corresponding  figure, 
and  duplication  by  the  exponent  2;  thus  the  diagram  Fig.  315 
is  represented  by  the  formula  Z2  +  2,  (7  X  4,  -42  -f  2»,  0^ 
the  X  after  0  indicating  that  the  position  of  the  petals  iq  diagonal, 
i.e.  that  the  four  petals  alternate  with  the  four  sepals,  as  if  the 
latter  all  belonged  to  the  same  whorl.  The  bracket  in  which  the 
number  of  the  carpels  of  the  gy nsecenm  0  is  enclosed,  indicates 
that  the  members  thns  bracketed  are  coherent.  Staminodia  may  be 
distinguished  by  a  t  before  the  figure.  When  the  perianth  is  not 
differentiated  into  calyx  and  corolla,  it  is  expressed  by  the  letter 
P:  thus  the  formula  for  the  flower  of  Chenopodium  is  Pb  |  -45  G^^. 

The  Number  of  Member/f  in  a  Whorl  shows  considerable  varia- 
tion :  thus,  in  Monocotyledons  it  is  generally  three  (rarely  two  or 
five),  whereas  in  Dicotyledons  it  is  frequently  five,  less  frequently 
two  or  four,  i-arely  three  (e.^.  most  LaaracesB,  Berberis,  Rheum, 
Polygonum).  The  number  of  members  in  a  whorl  is  indicated 
by  the  terms  di-  tri-  tetra-  penta-merouSf  etc.  Whorls  containing  the 
same  number  of  members  are  said  to  be  iaomerous ;  or,  when  the 
number  of  membere  is  not  uniform,  heteromerous.  Flowers  having 
isomerous  whorls  are  said  to  be  euqiclic  or  isocyclic^  whereas  when 
the  whorls  are  heteromerous  the  flowers  are  said  to  be  heteroajclie. 
Of  these  two  conditions  the  latter  is  the  more  common,  though  the 
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former  is  freqaently  realized  {e.g.  many  Monocotyledons).  The 
heterocyclic  condition  is  due  either  to  the  number  of  members  in 
one  or  more  of  the  whorls  being  smaller  (oUgomery)  or  greater  (pleio- 
m^ry)  than  that  which  is  the  typical  number.  The  commoner  cases 
of  oligomery  are  to  be  found  in  the  whorls  of  sporophylls,  especi- 
ally in  the  gynsBceum :  for  instance,  the  typically  peutamei*ons 
flower  of  the  Saxifragaceso  is  heterocyclic  because  of  the  oli- 
gomerous  (dimerous)  gynsBceum;  similarly,  in  the  Scrophula- 
riacesB,  the  androecinm  is  generally,  and  the  gyneeceam  is  always, 
oligomerons,  the  former  consisting  of  but  two  or  four  stamens,  the 
latter  of  but  two  carpels.  Pleiomery  is  of  less  frequent  oc- 
carrence :  however  in  the  CrucifersB  (Fig.  315)  the  whorls  of  the 
calyx,  the  outer  whorl  of  stamens,  and  the  gynsBceum,  are 
dimerous,  but  the  corolla, and  the  inner  whorl  of  stamens  are 
tetramerous  and  hence  pleiomerous :  similarly,  one  or  more  whorls 
of  the  androBcium  in  the  PapaveracesB,  PhytolaccacesB,  and  Poly- 
gonacesB,  are  pleiomerous  :  and  probably  in  other  cases  where  the 
number  of  the  stamens  is  twice  that  of  the  petals  or  sepals,  that 
is,  where  the  flower  is  diphstemonous,  the  condition  is  due  rather 
to  pleiomery  (duplication)  of  a  single  whorl  than  to  the  develop- 
ment of  two  whorls  as  is  usually  assumed  (see  below,  under 
pleiotaxy).     Pleiomery  of  the  corolla  is  common  in  double  flowers. 

Heteromery  necassarily  affects  the  alternation  of  the  floral  leaves 
of  the  successive  whorls.  Thus,  in  the  Crucif eras,  where  the  calyx 
consists  of  two  alternating  dimerous  whorls,  and  the  corolla  of  a 
single  tiCtramerous  whorl,  the  foar  petals  alternate  with  the  four 
sepals  just  as  if  the  sepals  all  belonged  to  a  single  whorl.  When, 
as  is  very  frequently  the  case,  the  gynieceam  is  oligomerons,  the 
carpels  (or  carpel)  present  do  not  appear  to  occupy  any  definite 
position  with  regard  to  the  preceding  organs. 

The  Number  of  Whorls  in  the  Flovcer.  The  simplest  case  is  that  in 
which  each  series  of  floral  organs — calyx,  corolla,  androBcium,  gynsB- 
ceum — occupies  a  single  whorl,  or  is  monocyclic  :  this  is  realised  in 
a  few  natural  orders,  either  accompanied  with  regular  alternation 
{e.g.  Asclepias,  Cornus,  CaprifoliaceaB  generally,  IridacesB,  Orchi- 
dacesB),  or  with  antipetalous  stamens  (e.g,  BhamnacesB,  Ampeli- 
dacesB).     In  this  case  the  flower  is  tetracyclic. 

More  commonly  one  or  more  of  the  series  may  occupy  two 
whorls,  or  be  dicyclic.  This  is  generally  the  case  when  the  whorls 
are  dimerous  (e.g.  both  corolla  and  androBcinm  of  OleacesB  and 
FumariaccsB :  corolla  of  Papaver :  calyx  and  androBcium  of  Cruci- 
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ferBB ;  perianth  of  Urtica  and  Moras).  Where  the  whorls  are 
trimerons  the  dicjclic  condition  is  frequent :  thas  in  the  majoritjr 
of  Monocotyledons  there  are  two  whorls  of  stamens  whilst  all  the 
other  series  of  the  flower  are  monocyclic,  so  that  the  flower  is 
diplostemonons  with  regular  alternation  :  in  the  comparatively 
few  trimerons  lowers  of  Dicotyledons  the  dicyclic  condition  may- 
be observed  in  the  androecinm  (Rhenm,  Polygonum,  Berberis),  or 
in  calyx,  corolla,  and  androecinm  (Cocculus).  The  \  calyx,  which 
is  to  be  found  in  very  many  Dicotyledons,  may  be  regarded  as 
equivalent  to  a  dicyclic  calyx  (see  p.  497).  A  djcyclici-ppynaeceuni 
is  to  be  found  in  a  few  Monocotyledons  (e^.  Alisma,  Bntomus) 
and  Dicotyledons  (Phytolacca,  and  Malvacees  sucb  as  Malva, 
Althaea,  Lavatera). 

The  conclusion  to  be  drawn  from  these  facts  is  that  iii  the  com- 
plete dichlamydeous  ambisporangiate  flowers  of  Angiosperms  there 
are,  as  a  general  rule,  five  whorls  of  floral  leaves ;  the  flowers  are 
pentacyclic.  In  most  Monocotjledons  the  five  whorls  belong,  one 
to  the  calyx,  one  to  the  corolla,  two  to  the  androecinm,  and  one  to 
the  gyuBBceum:  in  most  Dicotyledons  they  belong,  two  to  the  calyx, 
one  to  the  corolla,  one  to  the Imdroecium,  and  one  to  the  gyneeceum. 

If,  now,  such  a  pentacyclic  flower  with  regularly  alternating 
whorls  be  taken  as  a  type  or  standard  of  comparison,  it  will  be 
observed  that  many  flowers  deviate  from  it  by  having  either  a 
larger  or  a  smaller  number  of  whorls,  the  deviation  being  combined 
in  some  cases  with  direct  superposition. 

Pleiotaxy,  or  an  increase  in  the  number  of  the  whorls  in  a  flower, 
is  characteristic  of  a  number  of  genera  belonging  to  various 
natural  orders.  Instances  have  been  mentioned  above  of  Mono- 
cotyledons and  of  Dicotyledons  having  flowers  with  a  dicyclic 
gyneecenm;  of  Dicotyledons  with  a  dicyclic  corolla  or  androe- 
cinm: but  the  number  of  whorls  is  sometimes  much  greater 
(15  in  Aquilegia),  when  the  flowers,  as  also  the  special  series,  are 
said  to  be  poly  ry  die.  Thus,  the  calyx  is  poly  cyclic  in  Nandina 
(BerberidacefiB)  and  in  Sychnosepalum  (MenispermacesB) ;  the 
androecinm,  in  Aquilegia,  Camellia,  Bosa,  Lauraceae,  and  Papaver- 
aceae ;  the  gyneecenm,  in  some  Alismaceae  and  Butomaceae.  jn 
some_  cages,  one  series  becomes  polycyclic  at  the  expense  of 
another:  thus  in  the  acyclic  flowers  of  Clematis,  Anemone,  and 
Caltha,  the  petals  are  replaced  by  stamens  so  that  the  nnmber  of 
turns  of  the  spiral  (= whorls)  in  the  androecinm  is  increased  whilst 
the  corolla  disappears.      The  **  doubling  "  of  flowers  is  commonly 
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dne  to  the  polycyclic  development  of  the  corollaj  the  additional 
whorls  being  either  new  formations^  or  the  result  of  the  more  or 

less complete    replace- 

ment  of  the  sporophylls 

by  petals. 

"^Kn   important  case  is 

that    to     be    fonnd     in 

several     Dicotyledonous 

orders    (Ericaceae,    Fig. 

455,  p.   655,  Pyrolace®, 

CrassnlacesB,    Fig.    318, 

SaxifragaceaB,     some 

Caryophyllacene,  Fig. 

317 ;     Onagraceee,     Fig, 

323 ;     Geraniaceae,     Ox- 

alidaceae,  Zygophyllaceae, 

RutacesB,   Fig.  317  C) 

where  the  flower  is  dipl^- 

stemonons,    and    the 

androeciam  is  apparently  dicyclic :  but  the  flower  is  not  simply 

diplostemonous  (as  in  the  Monocotyledons),  because  the  whorls  do 

not  alternate  regularly;  the  stamens  of  the  apparently  outer  whorl 

are  directly  antipetalous,  consequently  the  stamens  of  the  inner 

whorl  are  antisepalous,  and  the  carpels  (in  encyclic  flowers)  are 

antipetalous.     Such  flowers  are  said  to  be  ohdiplqsiemqnous  (Fig. 

317  0). 

A  variation  of  the  typictl  obdiplostemonons  flower  is  fonnd  in  certain  Caryo- 
pbyllaceiB  {e.g.  Viscaria,  Fig.  817  A  ;  LycbniB,  Cerastinm,  some  species  of 

o  o 


Fio.  816.— Floral  diagram  of  Rotat&mmtota,  show. 
ing  the  polycyclic  andrcsoiaxn  and  gynasceam.  (After 
Eichler.) 


A  B  C 

ViQ.  317.— Floral  diagrams  of  two  Oaryophyllaceoai  flowers  iUostrating  two  forms  of 
obdiptostemony :  A  (Vitearia  vtdgarU)  with  antisepalous  carpels:  B  {Sp0rgvla  arv€nn») 
with  anUpetalons  carpels  (aOer  Sichler):  C  diagram  of  obdiplostemonooa  ilower  of 
Diotamnna. 
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Silene)  with  eacydio  (tetra-  or  penta-meroos)  flowens,  in  that,  though  the  ap- 
parently enter  stamens  are  directly  antipetalons,  the  carpels  are  antisepalona. 
This  case  seems  to  be  connected  with  that  of  the  Primnlaceas  (see  p.  498),  where 
there  is  a  single  whorl  of  antipetalous  stamens  and  the  carpels  are  antisepaloua, 
through  the  Sapotaoee  where  a  whorl  of  antisepaloas  staminodes  (Siderozylon, 
Lucuma)  or  of  fertile  stamens  (Isonandra)  is  developed.  It  woald,  in  fact, 
appear  that  obdiplostemony  may  be  the  result  of  either  pleiomery  or  pleiotaxj 
taking  place  in  a  primitively  isomeroos  monocyclic  antipetalous  androBciam 
(as  in  Primula) ;  when  the  carpels,  in  an  obdiplostemonous  flower,  are  anti- 
sepalous,  it  seems  to  be  simply  a  case  of  pleiomery;  when  they  are  antipetaloaa, 
it  would  seem  to  be  a  case  of  pleiotaxy,  the  andrcBoium  having  become  dieycUo 
by  the  development  of  an  inner  whorl  of  stamens  consequently  involving  a 
change  in  the  position  of  the  gyniBoeum. 

OUqotaxij,  or  a  decrease  in  the  nnmber_pf  whorls  in  a  flower,  Js 
frequently  due  to  suppression.  For  instance,  owing  to  the  sup- 
pression of  one  whorl  of  stamens  in  some  Monocotyledons,  either 
the  onter  (some  HasmadoraceflB,  also  Cypripedinm),  or  the  inner 
(Iridaceae,  most  Orchidacees),  the  androecinm  is  monocyclic.  In 
some  cases  a  whole  series  is  suppressed :  for  instance  the  corolla 
may  be  absent  (e.g.  Glanx,  among  the  Primnlace»;  Alchemilla, 
Sangaisorba,  among  the  Bosacesd :  some  Caryophyllaceae,  such  as 
Sagina  apetala^  Scleranthas,  etc.):  or  the  androecinm  or  gynaeceam 
(monoclinons  flowers,  such  as  those  of  Sedum  Ehodiola,  Bhamnus 
cathartica,  Hydrocharidaceae,  ray-florets  of  Compositse,  etc.):  or 
the  whole  perianth  (Fraxinus  excelsior). 

In  most  cases  of  oligotaxy  in  isomerons  flowers,  the  relative 
position  of  the  remaining  whorls  is  undisturbed:  thus,  in  the 
apetalous  flower  of  Glaux,  the  typically  antipetalous  stamens 
alternate  with  the  sepals,  and  in  that  of  Sanguisorba  the  stamens 
are  opposite  to  the  sepals ;  in  the  carpellary  flower  of  Rhamnas 
the  carpels  are  antisepalous  as  in  an  ambisporangiate  flower. 
But  this  is  by  no  means  always  the  case:  for  instance,  in  the 
apetalous  flower  of  Alchemilla  the  stamens  alternate  with  the 
sepals,  seeming  to  take  the  place  of  the  missing  petals :  again, 
the  staminate  flower  of  Sedum  Bhodiola  (Fig.  318)  has  rudi- 
mentary carpels  which  are  antipetalous,  whereas  in  the  carpellary 
flowers  the  carpels  are  antisepalous,  apparently  occupying  the 
place  of  one  of  the  missing  staminal  whorls;  similarly  in  Halophila 
(Hydrocharidacece)  the  three  carpels  of  the  carpellary  flower  occupy 
the  same  I'elative  position  as  the  three  stamens  in  the  staminate 
flower. 

Alt'.ough  it  is  true  that,  as  explained  in  the  foregoing  paragraphs,  both 
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oligotaiy  and  oligomery  are  freqnently  due  .to  ,vuj^resfiony  in  the  one  case  of 
one  or  more  wborls,  in  the  other  of  one  or  more  members  of  a  whorl,  it  must 
not  be  assumed  that  this  is  the  onlj  possible  explanation..  On  the  contrnr^^ 
it  is  very  probable  that  the  simple  stractore  of  the  flower  in  some  plants  {e,g, 
Urticales  and  Amentiftles  among  Diootyledpns)  is  not  the  result  of  suppression, 
but  is  itSelf  jypical :  in  other  words,  these  flowers  are  probably  to  be  regarded, 
not  as  reduced^  but  as  j^rimitivef  belonging  to  plants  which  are,  it  may  be,  of  a 
relatively  low  type  among  Phanerogams,  but  which  are  on  the  up-grade,  and 
not  on  the  down-grade  of  organisation.  The  distinction  of  primitive  from 
reduced    forms   is,  at 

the  present  time,  per-  ^  o 

haps  the  most  im- 
portant morphological 
problem  presented  by 
Augio8perms*ior  until 
it  is  solved  the  classi- 
ffcation  of  the  group 
win  continue,  to  re- 
mam  jansatisfaotory 
and  inconclusive. 


( 


Fie.  318.— Floral  dfagratni  of  Scdum  Bkodtola.  In  the 
■taminate  flower  A,  the  (abortive)  carpels  are  antipetalons :  in 
the  carpellary  flower  B,  the  carpels  are  antikepalons.  (After 
Sicbler.) 


The  BekUiatu  of 
Position  between  the 
floral  leaves  and 
those  which  precede  them  on  the  floral  axis,  can  be  moat  readilj 
made  out  in  the  case  of  a  flower  borne  laterally  on  a  main  axis, 
the  pedicel  springing  from  the  axil  of  a  bract.  Where,  as  in  most 
Monocotyledons,  the  flower-stalk  bears  but  a  single  bracteole  or 
prophyllum  (see  p. 

493),  this  is  gener-  O  O 

ally  situated  op- 
posite to  the  bract 
(Fig.  319  A),  that 
is,  posteriorly  to 
ttie  flower ;  in  this 
case  the  odd  sepal 
of  tbe  trimerous 
c»lyx  is  situated 
anteriorly.  When, 
as  in  most  Dico- 
tyledons, there  are 
two  lateral  pro- 
pbylla  (usually  indicated  as  a  and  ft),  one  on  each  side  of  the 
flower-stalk,  the   position  of  the  sepals  varies  according   to  the 


Fxe.  819.  — Floral  diagrams  of  LUium  hulhiferuin  (after 
Xichler) :  A  with  normal  po«ition  of  the  prophyllum  p,  op* 
posite  to  the  bract  6:  B  with  lateral  prophjllam  (p). 
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composition  of  the  calyx  :  thus,  if  the  calyx  be  trimerous  or  penta- 
merous,  the  odd  sepal  is,  as  a  rule,  median,  generally  posterior  or, 
less  commonly,  anterior  {e.g.  Leguminosae) :  the  tetramerous  calyx 
has  usually  two  sepals  in  the  median  plane  and  two  in  the  lateral 
(e.g.  Philadelphus;  Isnardia  among  Onagracefle;  Bhamnus  cathariica, 


Fie.  820.— Floral  dfagraou  of  Jatmiimm  ntidt/Conim  (after  Biohler)  t  A  with  normal  lateral 
position  of  the  prophylla :  B  with  antero-poeterior  position  of  the  prophylla :  the  calyx  is 
hezamerous  and  diojclic,  the  two  sepals  of  the  outer  whorl  alternating  with  the  prophylla  t 
the  symmetry  of  the  flower  is  isobilateraL 

Ilex).  In  some  few  cases,  when  there  are  two  lateral  prophylla, 
the  four  sepals  of  an  apparently  tetramerous  calyx  are  arranged 
diagonally  {e.g.  Veronica  and  other  Scrophulariacesd,  Plantago, 
probably  also  Mimosa,  Fig.  321);  this  exceptional  position  is  due 
to  the  fact  that  in  these  plants  the  calyx  is  typically  pentamerons, 
thoDgh,  in  consequence  of  the  suppression  of  the  posterior  median 
sepal,  it  appeai*s  to  be  tetramerous. 

As  a  general  rule,  the  genetic  relation  between  the  sepals  and 
the  prophylla  is  that  the  first  sepal  of  a 
successively-developed  calyx  .ari&es  on 
Che^  opposite  side  of  the  axis  (though 
higher)  to  the  single  prophyllum  or  to  the 
upper  (P)  when  there  are  two.  Hence 
the  position  of  the  prophylla  affects  that 
of  the  sepals  and,  consequently,  that  of 
all  the  floral  organs.  Thas,  it  is  not  un- 
common in  the  Monocotyledons  for  the 
single  prophyllam  to  be  placed  either 
obliquely  or  laterally  (some  Liliacese, 
Canna,  etc.),  and  then  all  the  whorls  of  the  flower  present  a 
corresponding  displacement  (Fig.  319  B)  \  the  same  thing  occurs 


Fio.  321.— Floral  diagram  of 
Mimosa,  showing  the  diagonal 
position  of  the  sepals  (after 
Eiohler). 
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in  Dicotyledons  when,  as  is  frequently  the  case,  the  prophylla 
Bve  not  exactly  lateral,  but  converge  anteriorly  or  posteriorly,  or 
are  even  anterior  and  posterior  (Fig.  320  B). 

When  the  one  or  the  two  prophylla  are  suppressed,  the  position 
of  the  sepals  may  be  the  same  as  if  the  prophylla  were  present 
(e.g.  CrucifereB) ;  but,  more  commonly,  the  first  sepals  are  de- 
veloped in  the  places  of  the  missing  prophylla.  Thus,  in  the 
absence  of  two  lateral  prophylla,  the  first  two  sepals  of  a  tetra- 
merous  calyx  are  lateral  (e.g.  tetramerous  calyx  of  Francoa, 
Epilobium,  Clarkia) ;  again,  in  a  trimerous  calyx,  the  first  nor- 
mally anterior  sepal  tends  to  be  posterior  when  the  single  pos- 
terior prophyllum  is  absent  (e.g.  Orchis,  Musa) ;  and,  further,  in  a 
pentamerous  calyx  the  first  and  second  sepals  are  postero- lateral 
(e.g.  Primula,  Reseda)  since  the  first  sepal  occupies  the  place  of 
prophyllum  a,  and  the  second  that  of  prophyllum  /S,  with  slight 
posterior  convergence. 

The  Symmetry  of  the  Flower,  The  flower  presents  all  the 
varieties  of  symmetry  which  are  discussed  in  Part  I.  (p.  8)  ;  these 
are  mainly  determined  by  the  number  and  the  relative  develop, 
ment  of  the  floral  leaves,  and  in  a  few  cases  by  the  development 
of  the  floral  axis  or  receptacle. 

The  symmetry  may  be  radial  or  aciinomorphic.  When  an  encyclic 
flower  is  also  regular,  that  is,  when  the  members  of  each  whorl 
are  similar  to  each  other  in  size  and  form,  it  can  be  divided  into 
symmetrical  halves  by  sections  made  in  two  or  more  planes,  the 
halves  produced  by  section  in  one  plane  being  similar  to  those 
produced  by  section  in  one  or  more  other  planes.  Such  a  flower 
is  polytymmetrical  (see  p.  9).  The  number  of  these  planes  of 
tymmetry  depends  upon  the  numerical  constitution  of  the  flower. 
Thus  a  regular  encyclic  trimerous  flower  (e.g.  Lilium  and  other 
Monocotyledons)  can  be  so  divided  in  three  planes,  the  median 
and  the  two  diagonals,  that  all  the  three  pairs  of  i^esulting  halves 
are  exactly  alike  (Fig.  322  B),  Similarly,  the  pentamerous  flower 
of  Primula,  Geranium,  species  of  Campanula,  is  divisible  in  five 
planes  (Fig.  322  A),  But  where  the  flower  is  tetramerous  (e.g. 
Fachsia,  Rhamnus  cathartica,  Euonymus  europceus),  there  are  but 
two  planes  of  section,  the  median  and  the  lateral,  which  will  give 
exactly  similar  halves,  though  the  flower  is  also  symmetrically 
but  diversely  divisible  in  the  diagonal  planes  (Fig.  323  A)  ',  or, 
again,  where  the  flower  is  hexaraerous  (e.g.  species  of  Sedum)  it 
is  symmetrically  divisible  in  twelve  planes,  but  the  halves  produced 
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A  B 

Fig.  9it.—A  Diaflrmm  of  the  pentumeroos  flower 
of  Prirra'a,  showing  the  five  planes  of  symmetry; 
the  stamens  are  antipetaloas ;  there  are  no  pro* 
phylla.  B  Diagram  of  the  trimerons  flower  of 
Liliam,  showing  the  throe  planes  of  symmetry. 
(After  Eichler.) 


by  the  section  in  six  of  the  planes  are  unlike  those  produced  by 
section  in  the  other  six  planes. 

The  symmetry  may  be  isobilateral ;  in  this  case  the  flower  is 
divisible  into  symmetrical  halves  in  two  planes,  but  the  halves 

produced  by  section  in  one 
plane  are  unlike  those  pro- 
duced by  section  in  the 
other  plane.  Thus,  a  re- 
gular encyclic  dimerous 
flower  (e.g,  Circcsa  lutetU 
ana.  Fig.  323  B;  Fraxinus 
dipetala),  is  symmetrically 
divisible  in  the  median 
and  lateral  planes,  bat  the 
halves  produced  by  the 
median  section  differ  from 
those  produced  by  the 
lateral  section.  This  is 
true  also  of  some  rej^ular 
heterocyclic  flowers,  such  as  those  of  the  Crnciferae,  Jasminum, 
Olea  europceoj  Cornns,  Hamamelis,  the  whorls  of  which  are  2- 
or  4-  merous,  and  of  the  somewhat  peculiar  flower  of  Dicentra. 

The  symmetry  may  be  zyfjomorphic,  that  is,  the  flower  may  be 
fnonosymmetrical,  there  being  only  one  plane  in  which  it  is  sym- 
metrically  divisible.      This   condition  is  to  be  found  in  regular 

heterocyclic  flowers,  and 
is  the  result  of  oligomery 
of  the  whorls,  generally  of 
the  gynaeceum,  rarely  of 
the  androecium.  Flowers 
of  this  type  are  common 
among  Dicotyledons  (e.^. 
in  the  RibesiaceaB,  Apo- 
cynacesB,  Boraginaceae, 
Solanacea;,  Gentianaceae, 
CampanulaceaB,  Compo- 
sitaB,  RosaeeaB,  Saxifrag* 
aceae,  Umbelliferae,  etc ), 
the  oligomerons  gynaBceum  having  1-4,  generally  2,  carpels,  the 
rest  of  the  flower  being  pent^merous  or  hexamerous.  In  this  case 
the  plane  of  symmetry  is  determined  by  the  position  of  the  carpels. 


Fio.  3?3  —A  Diagram  of  the  tHramerons  flower 
of  Puch«ia,  showincr  the  four  planes  of  symmetry. 
B  Diagram  of  the  dimerous  flower  of  Circsea,  show- 
ing isobilateral  symmetry. 
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-^rpeb,  the  plane  of  symmetry  is  generally 
•IS  are*  frequently  median  or,  less  com- 
'  ..  *n*.r,  Bihes  alpinum,  Fig.  324  A,  B): 
.  ♦  j>'H':d  obliqnely  (e.(7.many  SolanacesB, 
:;  /',  I^utira,  Hyoscyamus:  Menyantbes 
J 1  F\  Saxifraga),  the  plane  of  symmetry 
rthen  the  gyneeceam  is  monomerous  oi 
trimerous,  ;i  it  J.*^  >'»  situtted  t-^  t  its  plane  of  symmetry  coincides 
vith  the  median  plane  r'  ij.e  flower  {e.g.  with  monomerons 
j^vnsBOeum,  Mirabilis,  Maht^nia ;  with  trimerons  gynsBceum,  Pole- 

O 


I   Thus,  when  th err  HI    t 

median  ^  ^u'.  e  tli*  * 

,     rr»r.'  •  >eral  {e.f      1 

♦en  the  tvv     -n' 

•      ii  as  Petr  ■    -j 

among  (rent 

is  oblin»'  "-'•'•  li.'i 


Fio.  S24.— Floral  diagrams  iUostratlng  monoflvinmetry  doe  to  oligoinery  of  the  irynflB- 
ceum :  A  Vinea  minor;  B  Bibe*  alpinum;  in  these  the  plaiM  of  symmetry  is  median :  C  ShzI- 
fraga;  D  Petania;  in  these  the  plane  of  symmetry  is  obliqne:  yl  gland:  a^prophyllai 
B  terminal  flower  of  Q«ntiana  v<ma,  with  median  plane  of  symmetry :  F  lateral  flower  of 
ItenyanthM  trifoliata^  with  oblique  plane  of  symmetry ;  p  p  prophylla.    (After  Eiobler.) 

monium ;  some  Caryophyllaceae  including  most  species  of  Silene, 
Stellaria,  Spergularia,  etc.;  some  Campanulacece ;  Beutzia  crenata; 
Sambuctu  Ehulus,  etc.),  then  the  plane  of  symmetry  of  the  flower 
is  the  median  plane ;  but  when  the  plane  of  symmetry  of  the 
gynsBceum  is  oblique  (e.g.  with  monomerous  gynseceum,  Berberis, 
Anacardium ;  with  trimerous  gynaeceum,  some  Malpighiace89» 
^Hculns)  the  plane  of  symmetry  of  the  whole  flower  is  oblique 
likewise. 
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Fig.  325.— Floral  dingram  of 
Commelynaeaie$ti»  showing  mo- 
noi'ymmetry  due  to  oligomery 
of  the  andnBciam  :  the  plane 
of  symmetry  is  obUqae  :  the 
three  black  stamens  are  sterile, 
and  the  poetero-lateral  stami- 
node  is  often  absent :  the 
antero>lateral  fertile  stamen 
has  a  broader  connective  than 
the  others.    (After  Eichler.) 


Monosymmetry  in  coDfirtjuence  of  an  oli^omerons  androeciura 
is  less  common  •  '^a  good  instaT'Ce  Is 
affora  ••IW  (  ?'.  "  fjfia  ccelestis^  in  \vMrli 
flower  Uie  plane  ' .  'vnimetry  is  oblirju** 
(Fig.  3:^'>)  Moiio^^  riinetry  is  also  chu- 
racteristic  of  imguiur  flowers,  whether 
encyclic  or  heterocyclic ;  oi  Cowers,  thar 
is,  in  which  the  members  of  one  or 
more  wh*^'- '  differ  in  varions  respects 
amon^  -  lemsclves,  accompanied  frt - 
quent4;)  by  a  red  notion  in  the  typical 
number  of  members  in  one  or  other  of 
the  whorls,  frequently  of  the  andnx^cium 
it  is,  in  fact,  to  irregular  flowei's  trat. 
the  term  zygomorphic  is  specially  applied 
in  Descriptive  Botany.  Such  a  flower 
usually  presents  a  clear  distinction  into 
two  diverse  portions,  an  anterior  and  a 
posterior,  separated  by  the  lateral  plane,  whilst  the  two  lateral 
halves  about  the  median  plane  are  symmetrical ;  hence  it  is 
clearly  dorsiventral  (Fig.  326). 

Doi'siventrality  is  presented  by  some  flowers  which,  so  far   as 

their  early  development  is 
concerned,  or  even  so  far 
as  is  shown  by  their  floral 
diagram,  are  actinomorphic, 
isobi lateral,  or  simply  zy- 
gomorphic,  the  dorsiven- 
ti'ality  being  due  to  the 
subsequent  irregular  de- 
velopment of  some  of  the 
floral  leaves  ;  as  in  some 
encyclic  flowers  (e.g.  amon^ 
Monocotyledons,  Agapan- 
thus,  Alstroemeria,  Ama- 
ryllis, Gladiolus ;  among^ 
Dicotyledons,  Dictamnus, 
and  other  Kutesd,  species  of 
Impatiens,  Pelai-gonium), 
and  in  some  heterocyclic 
flowers  {e.g.  some  ScrophulariacesB,  LabiatsB,  some  CaprifoliacesB, 


Fig.  320  —Dorsiventral  flower  of  a  Heracleum 
(jaxmg.) 
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Violaceae,  Echium,  Lobelia,  Oi'chidacesB,  the  marginal  flowers  of 
the  inflorescences  in  some  UmbelliferflB  and  the  ray-florets  of  some 
Compositce).  The  degree  of  irregularity  in  these  flowers  varies 
'widely  ;  the  irregularity  may  be  very  slight,  due  to  the  more  active 
g^rowth  of  the  leaves  (perianth-leaves  only,  or  stamens  also)  of 
one  half  of  the  flower,  either  the  posterior  {e.g.  Gladiolus),  or  the 
anterior  {e.g,  Amaryllis),  which  causes  an  upward  or  a  downward 
curvature ;  this  is  more  marked  in  Dictamnus  where  the  calyx 
and  corolla  tend  to  form  two  lips,  an  upper  and  a  lower;  this 
bilabiate  form  of  flower  is  more  fully  developed  in  the  calyx  and 
corolla  of  the  Labiatse,  the  corolla  {personate,  the  lips  being  closed) 
of  the  Scrophulariaceae,  and  of  the  Orchidacesa  and  Lobelia.  In 
not  a  few  cases  the  irregularity  of  the  flower  is  increased  by  the 
development  of  spurs  from  some  portion  of  the  perianth  {e.g. 
among  Monocotyledons,  Or- 
chis, Rhinopetalum,  from  the 
corolla;  among  Dicotyledons, 
Liinaria,  Viola,  from  the  co- 
rolla; Pelargonium,  from  the 
calyx).  A  remarkable  mor- 
phological feature  is  offered  by 
the  flowers  of  Orchis  and  of 
Lobelia  which  are  resupinate ; 
that  is,  in  consequence  of  tor- 
sion of  the  pedicel,  the  pos- 
tei'ior  side  of  the  flower  becomes 
anterior.  The  plane  of  sym- 
metry is  generally  median  in 
these  flowers. 

In  some  few  cases  the  irregularity,  leading  to  dorsiventrality, 
is  due,  not  to  the  unequal  development  of  the  floral  leaves,  but 
to  the  configuration  of  the  floral  receptacle,  so  that  the  floral 
leaves  are  not  developed  in  a  radially  symmetrical  manner  (e.g. 
Reseda,  PapilionesB,  Fig.  327). 

When  in  irregular  flowers  the  single  plane  of  symmetry  is  the 
median  plane,  the  flower  is  dorsiventral :  but  there  are  other  cases 
{e.g.  flowers  of  some  FumariaceeD,  Fumaria,  Corydalis)  in  which 
the  single  plane  of  symmetry  is  the  lateral ;  these  flowers  are 
therefore  not  dorsiventral,  that  is,  they  have  not  antero- posterior, 
but  lateral^  asymmetry.  The  zygomorphic  symmetry  of  a  flower 
is  indicated  in  its  floral  formula  by  symbols ;   when  the  plane  of 

v.  8.  B.  ^  ^ 


Pio.  327.— Diagram  illasinitlng  dorsiventral 
symmetry  in  leguminous  flowers:  A  Vicia 
Faha  (PapilionesB) :  B  CtrcU  SUiqwutrum 
(CesalpiiiiesB) :  in  both  cases  the  odd  sepal 
is  anterior :  the  plane  of  symmetry  is  median. 
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symmetry  coincides  with  the  median  plane  the  symbol  ^  is  used, 
and  when  it  coincides  with  the  lateral  plane  the  symbol  ->. 

Sometimes  regular  flowers  are  developed  by  plants  which 
Tisnally  produce  irregular  flowers :  these  exceptional  flowers  are 
termed  peloria.  This  is  due  in  some  cases  to  the  faot  that  the 
primitive  number  and  arrangement  of  the  floral  organs  is  not 
disturbed  by  the  irregular  development  of  the  parts  which  usually 
takes  place :  such  cases  are  distinguished  as  regular  peloria  (e.g, 
Viola,  Grloxinia,  Labiatae,  etc.)  In  other  cases  the  peloric  flower 
is  to  some  extent  the  result  of  the  symmetrical  development  of  the 
irregularity  (e.g.  the  development  of  five  spurred  petals  and  five 
stamens  in  Linaria).  Dorsiventral  flowers  are,  generally  speaking, 
such  as  are  borne  laterally  on  the  inflorescence ;  whilst  the  ter- 
minal flowers  (which  may  be  regarded  as  peloric)  are  frequently 
regular.     Peloric  lateral  flowers  ar^,  however,  known  to  occur. 

There  remain  to  be  considered  those  flowers  which  cannot  be 
symmetrically  divided  in  any  plane  :  such  flowers  are  asymmetric. 
Amongst  these  are  to  be  included  roost  of  the  acyclic  or  hemi- 
cyclic  flowers  in  which  the  number  of  members  is  high  and  the 
divergence  variable  (e.g.  Calycanthus,  some  Ranunculaceae,  etc.) : 
the  asymmetry  of  most  of  these  is  approximately,  though  not 
quite  accurately,  actinomorphic,  but  in  some  it  is  dorsiventral  {e.g. 
Delphinium,  Aconitum).  Asymmetry  is  rare  in  cyclic  flowers, 
but  is  to  be  found  in  some  heterocyclic  flowers:  for  instance, 
in  Tropaeolum,  Canna  and  other  Marantaceee,  Valeriana  and 
other  Valerianaceee,  where  the  asymmetry  is  dorsiventral  and  is 
due  to  oligomery  and  irregularity  combined,  whilst  in  other  cases 
{e.g.  some  ParonychiesB,  Fig.  328  0)  it  is  due  merely  to  oligomery. 
The  Floral  Organs, 
fx  The  Perianth  is  completely  absent,  that  is,  the  flower  is  achlamy- 

\  deousj  in  a  few  families  {e.g.  PiperacosB,  Araceae,  Graminacese^  many 
V  CyperaceaB,  SalicaceaB).  When  present,  it  is  usually  differentiated 
into  calyx  and  corolla,  the  flower  being  termed  dichlamydeotu  or 
hiseriate:  when  the  calyx  and  corolla  clearly  differ  from  each  other 
in  colour,  texture,  etc.,  the  flower  is  said  to  be  heterochlamydeous] 
for  instance,  when  the  calyx  is  green  and  the  coix)lla  highly 
coloured  (as  in  most  Dicotyledons,  and  in  some  Monocotyledons 
such  as  Tradescantia  and  Commelyna) ;  or  when  the  calyx  is 
coloured  (petaloid)  and  the  petals  reduced  tonoptaries  (as  in  Hellc- 
borus  and  other  Ranunculacese).  When  the  perianth-leaves  are  all 
alike,  the  flower  is  said  to  be  homochlamydeous.     This  condition 
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may  be  dae  to  different  causes  in  different  cases :  the  flower  is 
sometimes  homocblamydeonp,  even  though  caljx  and  corolla  are 
differentiated,  because  the  sepals  and  petals  are  very  similar,  as 
in  most  Monocotyledons  where  the  sepals  are  often  petaloid :  in 
other  cases  the  flower  is  homochlamydeous,  because  only  one 
series  of  perianth-leaves  is  developed  ;  that  is,  because  the  flower 
is  monochlamydemis.  The  flower  may  be  monochlamydeous  be- 
cause, though  typically  dichlamydeous,  either  the  calyx  or  the 
corolla  is  suppressed  (e.g,  calyx  suppressed  in  some  Umbellifer» 
and  CompositsB;  corolla  suppressed  in  most  Thymelseaces?, 
Paronychieee,  Glaux,  some  Rosacese,  such  as  Alchemilla  and 
Sanguisorba) ;  where_thecorbl  la  is  suppressed  or  rudimentary  the 
calyx  is  fcequently  petaloid  (e.g.  Clematis,  Anemone,  Caltha,  and 


Fio.  828 —Floral  diapnms  illastrafingr  aeymmetry.  A  Dor8iventr*lly  symmetrical 
hemicyclic  flower  of  Velphininm  Ajacit :  B  Dorsiventrally  iisymmetrical  heterocyclic  flower 
orTropoorum  mapu :  C  Agymmetry  dae  tooligoraery  in  Anyehia  diehotoma  (Parohychiere) :  hr 
■Qbtending  bract  ;r-p,ap  prophyllaj  ri  stipules  of  bract  and  prophylla.    (After  Eichler.) 

other  RanunculaceeB)  :  or  the  flower  may  be  monochlamydeous 
merely  because  the  perianth  is  undifferentiated  (simple),  and  is 
then  generally  sepaloid  (e.g.  Urticaceae,  BetulaceeB,  Proteaceae, 
ChenopodiaceeB,  etc.),  or  petaloid  (e.g.  some  AmarantacesB,  Phyto- 
laccace®,  NyctaginaceaD). 

It  is  riot  always  easy  to  determine  whether  a  homochlamydeous 
flower  is  dichlamydeous  or  monochlamydeous  ;  but  the  decision  is 
facilitated  by  the  consideration  that,  as  a  rule,  the  calyx  and 
corolla  each  consist  of  a  single  whorl  of  perianth- leaves  in  the 
Monocotyledons,  whereas  in  Dicotyledons  the  calyx  generally  con- 
sists of  two  whorls.  Hence,  in  the  absence  of  contrary  informa- 
tion afforded  by  its  development,  a  homochlamydeous  flower  having 


514 


PART   III. — THE   CLASS [FICATION  OF    PLANTS. 


two  perianth- whorls  should,  if  a  Monocotyledon,  be  regarded  as 
being  probably  dichlamjdeons ;  whereas,  if  a  Dicotyledon,  it 
should  be  regarded  as  probably  monochlamydeous,  the  two  whorls 
representing  either  a  calyx  or  a  simple  perianth. 

The  individual  leaves  of  the  perianth  may  be  either  perfectly 
separate  (eleuthentpetalous  or  polypetalous  corolla,  eleutherosepalotu 
or  polysepalous  calyx),  e.g.  Ranunculus  ;  or  they  may  cohere  from 
the  base  upwards,  so  as  to  form  a  longer  or  shorter  tube,  which 
divides  at  its  upper  end  into  as  many  teeth  or  lobes  as  there  were 
originally  leaves  {gq^mosepalous  calyx,  gamopetaloics  corolla)  (Fig. 
329  A  B  C  c  and  B  k)  ;  e.g.  the  Primrose  and  the  Tobacco  plant. 
In  Dianthus  (the  Pink)  the  sepals  alone  are  coherent,  as  also  in 

Daphne  (Fig.  329  D) 
where  the  corolla  is 
absent.  More  rarely 
all  the  leaves  of  the 
perianth  cohere  to 
form  one  tube,  e.g.  the 
Hyacinth  and  allied 
genera  ;  the  six  lobes 
of  the  tube  cori'espond 
to  the  three  sepals 
and  the  three  petals. 
The  simple  perianth 
also  may  consist  of 
separate  leaves  {eleu- 
iherophyllous  or  poly' 


Fio.  820.— Cohesion  of  sepals  and  petals.  A  Flower  of 
Convolvuliu  aroenrit^  with  a  ftumel-sbaped  corolla  (c);  and 
a  6-pariite  ohIjz  (k).  B  Nicotiana  Tabacum^  with  a6-cleCt 
calyx  (k) ;  tubular  corolla  0*)!  vrith  a  distinct  6-toothed 
limb  (s).  C  The  rotate  corolla  of  Sambucas.  D  Gamose- 
palous  calyx  of  Daphne  Mnereum ;  r  the  tube;  •  the  limb. 


incrupnyi>uju8   ur   jwty- 

phyllous  perianth),  e.g, 
Amarantus,  or  the 
leaves  may  bo  coher- 
ent {gamophyllous)ye.g* 
Aristolochia. 


The  degree  of  division  presented  by  gamophyllous  perianths  into  teeth  or 
lobes  is  indicated  by  the  same  terms  which  are  used  in  describing  the  incision 
of  the  leaf-blftde  (page  54).  The  form  of  the  gamopetalous  corolla  may  be 
campannlaUf  as  in  the  Campanula  ;  funnel-shaped  (or  ivfuiidihuliform)^  as  in 
the  Bindweed  (Fig.  329  A)\  rotate,  as  io  the  Elder  (Fig.  329  C).  The  upper 
and  lower  portions  may  frequently  be  distinguished,  the  lower  as  the  tube  (Fig. 
329  B  r),  the  apper  expanded  part  as  the  Itmb  (Fig.  329  B  «).  Other  peculiar- 
ities of  form  are  connected  with  the  symmetry  of  the  flower  (page  511). 


The  petal  frequently  consists  of  two  parts,  the  claw  and  the 
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Umh,  as  in  the  Pink  (Fig.  330  A  B).  The  Corona  (paracorolla)  in 
the  Narcissus  and  Lychnis  is  formed  by  ligalar  outgrowths  from 
the  claws  (Fig.  330  B  I).  Any  segmentation  of  the  petal,  as  in 
the  Pink  (Fig.  330  i4)  is  unusual ;  emarginat^  or  obcordate  petals 
are  more  common.  In  many  cases  the  petals  have  spur.shaped 
appendages  (Violet,  p.  511),  or  they  are  prolonged  at  the  base  into 
tubes,  as  in  Helleborus  and  Aconitum.  This  peculiarity  is  con- 
nected with  the  secretion  of  the  nectar  (page  526). 

The  Reproductive  Organs  of  the  Flower  are  sporangia  of  two 
kinds,  microsporangia  and  macrosporangia,  borne  nsnally  on 
sporophylls,  though  sometimes  directly  on  th^  floral  axis.  The 
flower  is  usually  ambisporangiate  (  ^ ,  hermaphrodite,  see  p.  432) ; 
but  it  is  not  infrequently  monosporangiate  (anisexual),  in  which 
case  the   flowers  are   either   microsporangiate  ( (J ,  staminal)  or 


Fio.  9S0.—A  Petal  of  I>ianthu$  »up«rhu$,  with  (n)  the  claw  and  (]>)  the  limb,  maoh  divided, 
fi  Petal  of  Lychnis :  n  claw  ;  p  limb ;  I  ligola.  C  Flower  of  Fotentilla,  seen  from  below : 
e  corolla ;  i:  calyx;  a  epicalyx. 

macrosporangiate  (  ?  ,  carpellary).  The  plants  which  have  mono- 
sporangiate flowers  may  be  either  monoecious  (e.g.  Zostera,  Arum, 
Carex,  Typhaceae,  Zea,  Betulaceae,  Euphorbia,  Buxus,  Juglans, 
Quercus,  etc.):  or  dioecious  (e.g.  PandanacesB,  some  Palms,  Naias, 
Vallisneria,  Hippophae,  Cannabinaceae,  Salicaceae,  Mercnrialis, 
Viscum,  Empetrum,  Feuillea,  etc.):  or  polygamous.  Of  polygamy 
there  are  several  varieties :  thus,  the  plant  may  bear  ambi- 
sporangiate  flowers  and  staminate  flowei*s  (e.g.  Veratrum,  Ptelea, 
JEsculus  Hippocastanum,  Celtis) ;  or  ambispoi'angiate  flowers  and 
carpellary  flowers  (e.g.  Thymus  vulgaris  and  T.  Serpyllum,  Parte- 
taria  diffusa  and  P.  officinalis)  :  or  it  bears  ambisporangiate  flowers 
and  both  staminate  and  carpellary  flowers  (^e.g.  Fraxinus  excelsior^ 
Saponaria  ocymoides). 
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Some  flowers  are  probablj  primai'ilj  monoaporangiate  (p.  505) ; 
that  is,  there  is  no  reason  to  believe  that  the  monosporangiate 
condition  is  due  to  the  suppression  of  either  micro-  or  macro- 
sporangia  {e.g.  Hemp,  Oak,  Walnut,  Poplar,  Willow).  Others  are 
secondarily  monosporangiate ;  that  is,  there  is__reaaon_  to_belieYe, 
either  from  their  development  and  structure,  or  from  their  relation 
to  allied  anibisporangiate  forms,  that  thej  are  typicallj  ambi- 
sporangiate,  but  have  become  monosporangiate  bj  suppression  : 
thus,  in  the  CucurbitaceaB  some  genera  (e.g,  Cucurbita,  Cucumis, 
Bryonia,  etc.)  have  monosporangiate  flowers,  whilst  in  others  {e.g, 
Y  Schizopepon)  the  flowers  are  always  ambisporangiate ;  similarly, 
L  in  the  CaryophyllaceeB,  the  flowers  are  generally  ambisporangiate, 

but  in  the  species  Lychnis jjespeztjna  and  L.  diurna  they  are  mono- 
sporangiate ;  and  again  in  the  PolygonacesB  certain  species  of 
Kumex  (22.  Acetosa,  Acetosella^  etc.)  alone  are  monosporaugiate : 
in  some  monosporangiate  flowei*s  traces  of  the  missing  organs  are 
to  be  found,  such  as  staminodia  in  carpellary  flowers  (e.g,  Cocculas 
and  other  MenispermacesB,  FeuHIea  among  the  Gucurbitacese ; 
Lauras  nohilis)^  or  rudimentary  pistils  in  staminate  flowers  {e.g. 
Bhamnus  catharticay  Cocculus,  Lychnis  vespertina  and  diurna). 

R  sometimes  happens  that  typically  dioecious  plants  become 
exceptionally  monoecious  {e.g.  development  of  ?  flowers  on  ^ 
plants  of  Myrlca  Gale  and  Cannabis  sativa ;  or  of  c?  flowei^s  on  ? 
plants  of  Cannabis  sativa  and  Mercurialis  annua)  :  or  that  a  typi- 
cally diclinous  monoecious  plant  bears  some  monoclinous  flowers 
{e.g.  Ricinus). 

The  Androecium  comprises  the  microsporophylls  (one  or  more) 
of  the  flower,  the  stamens.  Each  stamen  usually  consists  of  two 
parts;  a  slender  stalk  called  the  filament  (Fig.  331*),  and  a 
placental  portion  which  bears  the  pollen-sacs  (Fig.  331  Dp),  known 
as  the  anther  (Fig.  331  a).  The  anther  consists  of  two  longi- 
tudinal halves,  termed  thecce,  each  of  which  usually  contains  two 
pollen-sacs ;  these  two  halves  are  united  by  the  placental  portion 
of  the  filament  which  is  known  as  the  cinnecHve  (Fig.  331  c). 
This  is  occasionally  very  narrow,  so  that  the  two  halves  of  the 
anther  lie  close  together  (Fig.  331  Aia)  :  in  this  case  it  may  be 
that  the  anther  is  not  sharply  marked  off  from  the  filament,  and 
is  attached  throughout  its  whole  length  to  the  filament  {adnata^ 
Fig.  332  C) :  when  the  anther  is  sharply  marked  off  from  the 
filament,  it  may  be  attached  to  the  filament  by  its  base,  when  it  is 
sai<i/to  be  innate  or  basifixed  {e.g.  Tulip);  or  the  filament  is  in- 
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sorted  in  the  middle  of  its  dorsal  surface,  when  it  is  dorsijixed 
(Fig.  331  A) ;  in  the  last  case  it  may  be  articulated  as  by  a  joint, 
so  that  the  anther  with  the  connective  can  oscillate  on  the  apex 
of  the  filament  (versatile  anther.  Fig.  331  0),  as  in  Grrasses  and  some 
other  plants.  But  the  connective  is  often  broader,  so  that  the  two 
halves  of  the  anther  are  widely  separated  (Fig.  331 B) ;  it  may  be 
much  elongated  (distrdctile)  and  very  delicate,  so  that,  with  the 
filament,  it  fonns  a  T-shaped  body  (Fig.  331  0)  ;  in  this  plant, 
the  Sage,  the  further  peculiarity  is  exhibited  that  one-half  of  the 
anther  is  abortive  and  is  modified  for  another  purpose.     It  is  only 


Fia.  331.— Stamen :  A^  Of  Lilium:  s  fila- 
ment j  a  the  dorsiflxed  anther.  J,  Side 
▼ieir.  B  Ot  Tilia:  e  eonuective.  0  Of 
Salvia^  with  dorsiflxed  Tersatile  aather: 
h  ia  the  half  of  the  aather  that  has  been 
modified.  D  Transverse  section  of  the 
anther  of  Hypericum  (mag.)  i  p  the  i 
pollen-sacs ;  e  connective. 


Fi«.  332.— ii  Stamen  of  Allium.  B 
Of  Vaecinium  MyrttUnt.  C  Of  ParU 
quadrifoha  (mag.):  /filament;  e 
connective;  a  anther;  b  appen- 
dages; p  the  pores  by  which  the 
anther  opens. 


1-arely,  as  in  Herb  Paris,  that  the  connective  is  prolong^ed  beyond 
the  anther  into  a  point,  or  into  a  bristle  as  in  the  Oleander. 

The  filament  is  usually  round  and  stalk- like,  of  a  delicate 
coloured  or  colourless  tissue,  with  a  central  vascular  bundle ;  it  is 
occasionally  flattened ;  when  it  is  very  short  or  absent  the  anthers 
are  sessile. 

In  some  plants,  €.g.  Allium  (Fig.  332  A),  the  filament  has 
what  appear  to  be  stipular  appendages  ;  in  others,  e.g.  Erica  (Fig. 
332  B)  and  Asclepiadaceas,  the  anther  is  furnished  with  appen- 
dages, such  as  spurs  and  so  forth:  in  Viola,  the  spurs  borne  by 
the  two  anterior  stamens  are  glandular.     In  certain  plants  the 


618  PART   III. — THE   CLASSIFICATION   OF  PLANTS. 

stamenfl,  that  is  to  say  the  filaments,  branch;  either,  like  most 
leaves  in  a  plane  perpendicnlar  to  the  median  plane,  as  in  Mjr- 
taceaB  and  FamariaceaB,  or  in  varions  planes,  as  in  Kicinns  (Fig. 
333)  and  Hypericace»;  an  anther  is  borne  on  each  of  the  branches 
of  the  filament. 

Somewhat  similar  in  appearance,  bat  essentially  different  in 
stmcture,  are  the  coherent  stamens  of  the  PapilionesB  and  other 
plants.  The  stamens  of  each  flower  may  be  coherent  into  one  or 
more  bundles.  The  arrangement  becomes  complicated  when  the 
filaments  are  at  the  same  time  coherent  and  branched  as  in  the 
Malvacese.  When  the  filaments  are  all  coherent  into  a  single 
bundle  {e,g.  MalvacesB),  they  are  said  to  be  monadelphous :  when 
in  two  bundles  (e,g.  some  Papilione®,  FumariacesB),  they  are 
diadelphous;  when  in  several  bundles  (e,g.  HypericaceaB),  they  are 
polyadelphouis.  In  the  CompositcB  {e,g,  Snnflower  and  Thistle), 
though  the  filaments  are  free,  the  anthers  become  coherent  or 
Byngenesious,  When  the  stamens  are  quite  free  from  each  other 
they  are  said  to  be  polyandrous. 

A  variety  of  the  monadelphous  condition  is  fonnd  in  the  ^  flowers  of 
certain  Araceas,  where  the  stamens  are  united  into  a  central  column  termed  a 
synandrium. 

Besides  these  varieties  of  cohesion,  adhesion  frequently  occurs ; 
that  is  the  filaments  adhere  to  other  portions  of  the  flower,  par- 
ticularly of  the  perianth,  so  that  they — or  when  they  are  very 
short,  the  anthers — appear  to  be  inserted  not  upon  the  axis  of 
the  flower,  but  upon  the  leaves  of  the  perianth  (epipetalotis  or 
epiphyllous).  This  condition  is  most  frequently  present  when  the 
petals  themselves  are  connate  and  form  a  tubular  corolla,  e.g. 
Primula.  The  adhesion  of  the  stamens  to  the  carpels  is  of  rarer 
occurrence  {e.g,  Orchidacess,  Stylidium,  and  Aristolochia) ;  the 
flower  is  then  termed  gynandrous. 

In  many  flowers  it  happens  that  certain  filaments,  occupying  a 
definite  position  with  regard  to  the  other  parts  of  the  flower,  are 
longer  than  the  others ;  thus,  of  the  six  stamens  of  the  Cruciferte 
(e.g.  Wallflower  and  Cabbage),  four  are  much  longer  than  the  other 
two;  of  the  four  stamens  of  the  Labiates  (e,g.  Lamium),  two  are 
longer  than  the  other  two.  In  the  former  case  the  stamens  are 
said  to  be  tetradynamous,  in  the  latter  didynamotis. 

Stamens  which  bear  no  anthers  are  termed  staminodia :  they 
are  to  be  found  in  flowers  which  have  become  monosporangiate 
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by  sappression  {e.g,  carpellary  flowers  of  Lanrus  nohilis),  as  well  as 
in  others  where  suppression  of  the  pollen-sacs  is  incomplete  {e,g. 
Canna,  Trollius,  some  Lanracese) ;  in  the  latter  case  the  stamin- 
odia  are  fi'equently  petaloid.  In  many  acyclic  flowers  (e.g. 
Nymphaea),  the  stamens  and  the  petals  are  connected  by  inter- 
mediate structures,  of  which  it  is  difficult  to  say  whether  they  are 
to  be  re^rded  as  petaloid  stamens  or  as  staminoid  petals. 

The  Mlcrosporangia  or  Pollen-Sacs  are  borne  on  the  anther. 
There  are  commonly  four  of  them  (quadrilocular  anther),  two 
forming  a  sorns  in  each  longitudinal  half  (or  theca)  of  the  anther, 
situated  usually  side  by  side,  but  sometimes  (Lauraceae)  one  above 
the  other ;  in  the  former  case  the  typical  arrangement  seems  to  be 
that  of  each  pair  of  pollen- sacs  one 
belongs  to  the  anterior  or  inner 
surface  of  the  anther,  the  other 
to  the  posterior  or  outer  surface. 

In  some  cases,  however,  there 
are  but  two  pollen-sacs  —  (hilo- 
cular  anther)  :  this  may  be  due  to 
the  non-development  of  one  longi- 
tudinal half  of  the  anther  {e.g. 
Cucurbitacere,  Salvia,  Canna)  ;  or 
to  branching  (e.g,  Adoxa,  Malva- 
ceae) ;  or  to  the  abortion  of  one 
pollen-sac,  generally  the  posterior 
one,  of  each  pair  {e.g.  Asclepia- 
daceaB,  Grubbia)  ;  or  (some  Laura- 
ceae)  of  the  upper  or  lower  one  of 
each  pair;  or,  finally,  to  the  early 
fusion  of  the  arches poria  of  two 
adjacent  pollen-sacs  (some  Orchi- 
daceae).  In  the  Araceae  the  process  of  fusion  is  carried  to  such 
an  extent  that  all  four  archesporia  fuse,  so  that  the  anther  is  uni- 
locular. 

Rarely  (e.g.  Sarcophyte,  among  Balanophoraceae)  the  anther 
bears  numerous  pollen-sacs:  the  pollen-sac  is  sometimes  multi- 
locular  (see  p.  433). 

Each  pollen-sac  encloses  an  archesporium  from  which  the 
mother-cells  of  the  microspores  (pollen-grains)  are  developed  by 
division :  each  group  of  spore-mot  her- eel  Is  is  invested  by  a  layer 
of  granular  cells,  the  tapetum  (Fig.  281  t),  which  eventually  be- 


FiG.  333.— Port  of  a  ■Uminal  flower 
of  Ricin%»  eommunit  cutthrongh  length- 
'v^ys :  /  /  the  basal  portionB  of  the 
oomponndly-branohed  stamezLS ;  a  the 
anthers.    (After  Sachs.) 
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comes  disorganised :  externally  to  this  is  the  wall  of  the  pollen- 
sac  consisting  of  one  or  more  layers  of  cells  with  nsnally  retica- 
lately  thickened  walls,  followed  by  the  epidermis  at  the  surface. 

The  pollen-sacs  dehisce  usually  by  a  longitudinal  slit  which, 
when  the  anther  is  qnadrilocular,  is  generally  so  situated  that  it 
at  once  opens  into  both  the  pollen-sacs  of  each  half  of  the  anther, 
and  frequently  the  tissue  separating  each  pair  of  pollen-sacs 
becomes  dried  up  and  ruptured  whilst  the  anther  is  ripening : 
sometimes  the  dehiscence  of  the  pollen-sac  is  transverse  (Al- 
chemilla);  sometimes  it  is  valvular  (Lauracese,  BerberidacesB) ;  or 
by  apical  pores  (Ericaceaa,  PolygalacesB).  Though  in  a  quadrHocular 
anther  the  pollen-sacs  typically  belong,  two  to  the  inner  (ventral), 
two  to  the  outer  (dorsal),  surface  of  tbe  anther,  it  frequently 
happens  that  in  the  course  of  their  development  they  become 
somewhat  displaced,  so  as  to  appear  all  to  belong  to  either  the  inner 
or  the  outer  surface ;  hence,  when  dehiscence  takes  place,  the 
pollen  is  shed,  in  the  former  case,  towai*ds  the  centre  of  the  flower, 
when  the  anthers  are  said  to  be  introrse ;  and,  in  the  latter  case, 
towards  the  periphery  of  the  flower,  when  the  anthers  are  said  to 
be  extrorse.  These  terms  are  similarly  applicable  in  the  case  of 
bilocnlar  anthers.  Introrse  anthers  are  the  more  common ;  ex- 
trorse anthers  occur  in  the  Caiycanthaceaa,  Aristolochiacese, 
Iridacese,  JuncaginesD,  AracesB,  and  in  various  genera  of  other 
orders.  In  rare  cases  some  of  the  anthers  of  the  flower  are  introrse, 
and  others  extrorse,  as  in  some  species  of  Polygonum  (P.  Bistorta, 
tataricum,  aviculare,  etc.),  when  the  anthers  of  the  outer  whorl  are 
introrse,  and  those  of  the  inner  whorl  extrorse ;  and  as  in  most 
Lauracese,  where  the  anthers  of  the  innermost  staminal  whorl  are 
extrorse,  whilst  those  of  the  outer  whorls  are  introrse. 

The  Microspores  or  Pollen-grains,  The  essential  features  in  the 
structure  and  development  of  the  microspores  have  been  already 
fully  described  (see  pp.  125  and  434). 

The  shapes  of  the  pollen-grain  are  veiy  various  (p.  436):  it 
may  be  spherical,  oval,  triangular,  etc.,  or  long  and  cylindrical 
(confer void)  as  in  the  Naiadace®.  In  Halophila  the  shortly  cylin- 
drical pollen-grains  adhere  so  as  to  form  filaments. 

On  germination  the  pollen-grain  gives  rise  to  one  or  more 
pollen-tubes,  which  consist  of  outgrowths  of  the  intine:  these 
peneti'ate  the  exine  (when  present),  either  rupturing  it  irregularly, 
or  at  determinate  points  where  the  exine  is  thinner  and  less  re- 
sistent  {e.g.  Onagraceae,  Malvaceae),  or  where  there  are  lid-like 
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areas  which  are  easily  removed  (e.g.  Cacurbitacero,  Fig.  282). 
These  points  are  definite  in  namber  (1,  2,  3,  4,  or  more),  sometimes 
very  numerous  (Malvaceae). 

The  Qynrp.ceum  or  Pistil  is  always  the  terminal  structure  of  the 
flower,  occupying  the  apex  oFthe 
floral  axis.  It  consists  of  the 
macrofiporophylls  or  carpels,  which, 
in  the  Angiosperms  form  the 
whole  or  part  of  the  ovaries,  that 
is,  closed  cavities  containing  the 
ovules.  If  in  a  flower  where 
there  are  several  cai'pels,  each  of 
them  closes  by  the  cohesion  of 
its  margins^  they  form  so  many 
ovaries ;  the  gyuaeceum  is  then 
said  to  be  apocarpous  (Fig.  336-^), 
e.g.  Ranunculus,  PsBonia,  and 
Butoraus  ;  if  there  is  only  one  carpel  (Fig.  335  B),  the  pistil  ia 
said  to  be  apocarpous  and  simple  ;  if  several  carpels  in  one  flower 
cohere  and  form  a  single  ovary  (Fig.  335  0),  the  gyneeceum  is  said 
to  be  syncarpous,  e.g.  Poppy  and  Lily.  Intermediate  forms  occur 
in  that  the  carpels  may  cohere  by  their  lower  ends  whilst  their 
upper  ends  remain  free  (Fig.  335  D). 

The  ovary  is  said  to  be  monomerous  when  it  is  formed  of  only 
one  carpel  (Fig.  336  A),  the  margins  of  which  cohere  on  the  side 


Pio.  334.— Germinating  pollen-i?rain  of 
Epilobium  (highly  mag.)  bearing  a  pollen- 
tube  s ;  a  exine ;  i  inline ;  a  b  c  the  three 
spots  whore  the  exine  is  thicker  in  antici. 
pation  of  the  formation  of  the  pollen-tube 
developed  in  this  case  at  a. 


Fio.  336.— i  Apocarpous  gynaiceum  of  Aconite.  B  Simple  apocarpous  gynoccoum  of 
Melilotns.  C  Tetramerons  syncarpous  gynascenm  of  fihamnus  cathartica.  D  Ovary  of 
SaxifragH,  formed  of  two  carpels  which  diverge  towards  the  top:  t  torus;  /ovaries; 
g  style ;  a  stigma;  b  ventral  suture. 

opposite  to  the  midrib.  The  outer  side  along  which  the  midrib 
runs  is  the  dorsal  surface  (Fig.  336  A  r),  and  the  midrib  itself  is 
the  dorsal  suture ;  opposite  to  it  is  the  line  of  cohesion,  the  ventral 


522  PART   III. — THE   CLASSIFICATION   OF   PLANTS. 

suturcj  which  runs  therefore  along  the  ventral  surface.  The  cavity 
thus  enclosed  (loculus)  is  not  usually  divided  by  dissepiments,  but 
it  is  a  simple  cavity,  as  in  the  Vetch ;  such  an  ovary  is  said  to  be 
unilocular.  False  or  spurious  dissepiments,  formed  by  growths 
on  the  inner  surface,  occur  in  some  few  instances,  as  in  Astragalus. 
When,  on  the  other  hand,  several  carpels  cohere  to  form  a  syn- 
carpons  ovary,  it  is  polymerous  {di-  tri-  or  tetra-merousy  etc).  The 
syncarpous  ovary  is  unilocular  (Fig.  336  B)  when  the  individual 
carpels  cohere  simply  by  their  edges  without  any  portion  of  them 
projecting  inwards;  but  if  the  margins  project  into  the  cavity  so 
as  to  form  incomplete  longitudinal  dissepiments,  the  ovary  is  chanv' 
hered  (Fig.  336  0),  e.g.  Poppy;  but  since  the  chambers  are  open  to- 
wards the  centre,  the  ovary  is  still  unilocular.  When  the  margins 
form  dissepiments  which  meet  in  the  middle,  the  ovary  is  muUilo^ 
cular ;  sometimes  the  margins  turn  outwards  again  towards  the  cir- 
cumference. 
In  the  last 
case  the  in- 
d  ividual 
loculi  are 
completely 
separated  ; 
but   there 

Fio.  336.— Trasflveraeseotion  of  ovaiies;  p  placenta,    il  Monomerons  , 

and  nniliuular;  rdoNalsatare;  b  ventral  suture ;  p  placentiition  mar-  ^^^       OtnerS 

ginal.    B  Polymerous  and  unilocular ;  placentation  parietal.    C  Poly-  iu      which 

ixierous  and  many-chambered,  but  unilocultu' ;  plocentation  parietal.  j  i 

D  Polymerous  and  mulUlocular ;  placentation  axile.  *'"®  tnargins 

of  the  car- 
pels do  not  extend  so  far  towards  the  centre  at  the  upper  part  as 
at  the  lower,  but  the  two  margins  of  each  carpel  simply  cohere 
together  above ;  consequently  the  lower  part  of  the  ovary  is  poly- 
merous and  multilocular,  while  the  upper  part  is  composed  of  a 
number  of  monomerous  ovaries,  e.g.  Saxifraga  (Fig.  335  D).  In 
all  these  cases  the  floral  axis  may  grow  up  into  the  interior  of  the 
cavity  of  the  ovary,  and  when  the  ovary  is  multilocular  the  axis 
may  coalesce  with  the  dissepiments. 

False  dissepiments  may  be  formed  in  polymerous  ovaries  by  in- 
growths from  the  internal  surface  of  the  carpels ;  thus  the  ovary 
of  the  Boraginacese  and  Labiatce  is  originally  bilocular,  but  each 
loculus  becomes  divided  into  two  by  a  false  dissepiment,  and  when 
the  fruit  is  ripe  the  four  loculi  separate  completely  ;  similarly,  the 
unilocular  ovary  of  the  Cruciferae  becomes  spuriously  bilocular. 
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The  inferior  ovary  of  epi^ynons  flowers  (see  p.  496)  is  rarely 
monomei'ouR,  that  is  to  say,  the  cavity  formed  by  the  axis  is  bat 
seldom  closed  by  one  carpel  only  :  it  is  commonly  polymerous,  bat 
it  may  be  either  nnilocnlar  or  mnltilocular ;  in  the  latter  case,  the 
margins  of  the  carpels  grow  down  along  the  internal  sarface  of  the 
cavity. 

In  some  bases  the  axis  is  prolonged  between  the  carpels,  con- 
stitating  a  carpophore,  as  in  the  Geraniaceee  and  UmbellifersB 
(Fig.  341). 

The  Style  (Figs.  336  and  337)  is  the  prolongation  of  the  apper 
part  of  the  carpel :  it  is  commonly  a  slender  cylinder,  bat  some- 
times it  is  leafy  and  petaloid  (e.g.  Iris).  Monomerons  ovaries 
have  bat  one  style;  polymeroas  ovaries  have  as  many  styles  as 
there  are  carpels,  which  may  cohere  thronghoat 
their  whole  length,  or  at  their  lower  parts  only, 
the  upper  parts  remaining  distinct ;  or  they  may 
remain  qaite  free,  and  they  may  even  branch. 
The  style  originally  arises  from  the  apex  of  the 
ovary,  bat  it  is  freqaently  displaced  forwards,  by 
the  vigorous  development  of  the  dorsal  portion  of 
the  carpel,  on  to  the  inner  side,  so  as  to  appear 
to  be  a  prolongation  of  the  floral  axis  {gynobasic 
style)  :  this  is  conspicaoas  in  the  Boraginaceao 
and  LabiatoB,  where  it  is  surrounded  by  the  four 
rounded  loculi  of  the  ovary  which  have  been 
already  mentioned  (p.  622).  The  style  is  some- 
times  very  short,  and  appeara  only  as  a  constric- 
tion between  the  ovary  and  the  stigma,  as  in  the 
Poppy.  In  some  rare  oases  it  is  hollow,  but  it  is 
usually  filled  with  a  loose  tissue,  called  conducting 
tis8i*e,  through  which  the  pollen- tube  can  easily 
penetrate. 

The  Stigma  (Figs.  336  and  337  n)  is  usually  terminal,  but  it  may 
be  lateral  (e.g.  Iris) ;  it  is  distinguished  by  being  covered  with 
papillflD,  or  frequently  with  hairs,  and  by  the  secretion  of  a  sugary 
fluid  which  retains  the  pollen-gi'ains  which  fall  upon  it,  and 
which  promotes  the  development  of  the  pollen-tubes.  The  stigma 
is  often  evidently  distinct  from  the  style,  appearing  as  a  lobed 
expansion ;  in  other  cases  it  seems  to  be  merely  a  portion  of  the 
style  at  its  end  or  sometimes  on  its  side.  In  Papaver  it  is  a 
sessile  disk-shaped  expansion  on  the  upper  surface  of  the  ovary ; 


Pig.     337.— Oy- 

nipceum  of  the 
Lily:  /  ovary;  g 
style;  n  stigma 
(nat.  siie). 
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more  rarely  it  is  represented  by  bands  of  papillee  on  the  ovary 
itself,  when  it  is  said  to  be  pleurogynotis. 

The  nnmber  of  the  stigmata  often  afPords  a  means  of  ascertain- 
ing whether  the  ovary  is  monoraerous  or  polymerons :  for  instance, 
the  ovary  of  the  CompositaB  seems,  at  first  sight,  to  be  mono-' 
merous;  but  the  two  short  branches  of  the  style,  each  bearing 
a  stigma,  show  that  it  is  dimerous.  On  the  other  hand,  this 
character  may  be  misleading :  for  instance,  in  various  Grasses  the 
ovary  bears  two  or  three  stigmata,  either  directly,  or  springing 
from  the  style ;  hence  it  might  be  inferred  that  the  ovary  is  di- 
or  tri-merous,  whilst  as  a  matter  of  fact  it  is  monomerons.  In 
this  respect  some  few  other  plants,  belonging  to  the  NaiadaceoB 
and  other  families,  resemble  the  Grasses. 

The  Macrosporangia  or  Ovules  are  always  enclosed  in  the  cavity 
of  the  ovary,  either  singly  or  in  larger  or  smaller  number. 
Usually  they  may  be  readily  seen  to  be  developed  on  the  carpels 
(Fig.  338  A,  B,  (7),  bul  in  many  cases  they  appear  to  be  de- 
veloped from  the  floral  axis  (Fig.  338  D,  F,  O),  However,  from 
careful  comparative  examination,  it  seems  that  the  apparently 
axial  ovules  may  be  regarded  in  some  cases  as  having  been  de- 
veloped on  the  carpels,  their  position  on  the  axis  being  merely  the 
result  of  a  more  or  less  considerable  subsequent  displacement  due 
to  the  coalescence  of  the  carpels  with  the  axis.  That  portion  of 
the  ovary  which  bears  the  ovules  is  called  the  placenta* 

The  ovules,  when  borne  by  the  carpels,  are  but  rarely  developed 
over  the  whole  surface  of  the  carpel,  but  are  confined  to  the  margin  : 
in  other  words  the  placentation  is  rarely  superficial  but  generally 
marginal.  Superficial  placentation  (Fig.  338  C)  is  to  be  found  in 
Butomus,  Nymphsea,  and  Nuphar,  the  dorsal  suture  (midrib)  of 
the  cai'pel  being  the  only  sterile  portion  of  its  internal  surface. 
Of  marginal  placentation  there  are  two  varieties :  in  the  one  the 
ovary  is  syncarpous  but  unilocular,  and  the  contiguous  placental 
margins  of  the  carpels  constitute  so  many  placentsd  on  the  wall  of 
the  ovary,  that  is,  the  placentation  is  parietal  (Fig  336  J5,  C),  as  in 
the  ViolaceeB,  Cruciferfle,  Papaveracese,  KibesieeB,  OrchidacesB, 
etc. ;  in  the  other  the  ovary  is  syncarpous  and  multilocular,  the 
margins  of  the  carpels  meeting  in  the  centre  and  there  bearing  the 
ovules,  so  that  each  placenta  is  at  the  inner  angle  of  each  loculus, 
that  is,  the  placentation  is  axile  or  axillary  (Fig.  336  D,  and  Fig. 
338  B):  in  a  monomerous  ovary  (Fig.  336  A,  and  Fig.  338  A)  the 
placentation  is  essentially  parietal,  but  it  is  simply  termed  marginal. 
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The  position  of  attachment  is  a  point  of  descriptive  importance, 
more  especially  where  the  number  of  ovules  is  small,  or  where  there 
is  bat  one,  in  the  loculus.  When  the  ovule  is  attached  to  the  top  of 
the  caq)el,  so  that  it  han^s  into  the  loculus,  it  is  said  to  be  pendulous ; 
when  it  is  attached  high  up,  but  at  the  side,  it  is  stispended ;  when 
it  is  attached  to  the  side  and  projects  straight,  it  is  horizontal ; 
when  it  is  attached  at  the  side,  but  towards  the  base  of  the  carpel, 
and  stands  up  into  the  loculus,  it  is  ascending* 


Fio.  SS8.— Diagrams  of  tbe  different  modes  of  Placentation.  A  Monomerons  rfiry  of 
Helleboros,  opened  alonf?  the  ventral  sutare;  •  tbe  o vales  on  (9)  the  marginal  placenta. 
B  Transverse  section  of  the  ovary  of  Niootiana :  /  wall  of  the  ovary ;  q  placenta,  largely 
developed  by  tbe  union  of  the  margins  of  the  carpels  (axile  placentation).  C  Transverse 
section  of  the  ovary  of  Batomas.  The  ovnles  are  scattered  over  the  whole  of  the  inner 
surface,  except  the  midrib,  m  (superficial  placentation).  D  Longitudinal  section  of  an 
ovary  of  one  of  the  Ckjmponiire :  /  the  wall ;  the  erect,  anatropons  ovule  («)  grows  from  the 
base  by  the  side  of  the  apex  of  the  axis,  a.  E  Longitudinal  section  of  the  ovary  of  one  of 
the  Umbelliforae ;  in  each  chamber  an  anatropons  ovule  is  suspended.  F  Longitudinal 
section  of  Rheum;  a  single  erect  orthoiropous  ovule  grows  at  the  apex  of  the  floral  axis. 
O  Longitudinal  section  of  the  ovary  of  one  of  the  Primulaceie;  the  ovules  grow  on  a 
prolongation  of  the  axis  (iree  ceutral  placentation).  Fig.  336  B  represents  parietal 
placentation. 

When  the  ovules  are  borne,  either  actually  or  apparently,  by  the 
axis,  the  placentation  is  said  to  be  axial.  When  many  ovnles  are 
borne  on  the  axial  placenta  (as  in  the  Primulaceae,  Santalacese,  etc., 
Fig.  338  (?),  the  placentation  is  termed  free  central.  When  there 
is  but  a  single  ovule  in  the  loculus,  the  placentation  is  basilar  or 
hasalf  and  the  ovule  is  erect :  in  this  case  the  ovule  is  borne  either 
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terminally  at  tho  apex  of  the  floral  axis  (e.g,  Polygonam,  Piper, 
Naias,  Fig  338  F);  or  laterally,  below  or  behind  the  actual  apex 
(e.g.  CompositiB,  Fig.  338  D). 

For  other  descriptive  terms  relating  to  the  ovnle,  refer  back  to 
p.  437. 

The  macros porangi am  or  ovale,  consists  primitively  of  a  mass  of 
cellular  tissue,  the  nucellus,  invest-ed  by  one  or  two  integuments, 
with  a  micropyle  at  the  apex  (see  p.  436):  generally  speaking,  two 
integuments  are  present  in  the  Monocotyledons,  in  most  polypetal- 
ous  Dicotyledons  (with  exceptions  such  as  some  Umbelliferss  and 
Banunculacese),  and  in  the  CucurbitacesB  among  Garaopetaiss; 
whereas  there  is  only  one  integument  in  the  Gamopetaloe  (except 
Cucurbitacese)  and  in  the  polypetalous  orders,  UmbelliferaB  and 
Ranunculacesa.  In  some  few  cases  {e,g.  Santalaceee,  Loranthace«e, 
Balanophoraceaa),  w^here  the  development  of  the  ovule  is  degraded 
in  correlation  with  the  parasitic  habit  of  the  plants,  the  ovule  has 
no  integument. 

The  McLcrofpore  or  Emhryo'sac,  The  structure  and  developmeat 
of  the  macrospore  are  described  on  p.  438. 

Accessory  Organs  of  the  Flower.  The  most  common  of  these  is 
the  Nectary^  a  glandular  organ  secreting  odorous  or  sweet  liquid, 
and  thus  attracting  insects.  The  nectary  is  sometimes  borne  on 
some  other  organ — which  is  not  thereby  materially  modified  {e.g. 
petals  of  Ranunculus,  stamen  of  Viola) ;  or  on  a  specially  modified 
perianth-leaf  {e.g.  petals  of  some  Ranunculaceae,  as  Helleborus, 
Eranthis,  Delphinium),  or  on  staminodia  {e.g.  the  posterior  of  the 
five  stamens  in  Gesneraceaa ;  a  whorl  in  Parnassia;  one  or  more 
whorls  in  various  Lauracese) :  in  some  cases  it  is  borne  on  the 
carpels,  in  the  septa  of  a  multilocular  ovary  (septal  glands  of  many 
Monocotyledons,  Liliaceee,  Amaryllidaceae,  and  Iridaceae).  Generally 
the  nectary  is  borne  on  the  fioral  axis,  when  it  is  described  by  the 
general  term  disc  :  it  may  be  a  single  tubular  outgrowth  (Crista- 
tella)  or  a  flattened  scale  (other  Capparidaceap,  some  Resedacesd) ;  a 
single  posterior  scale  ;  or  several  in  a  whorl,  as  scales  or  rounded 
prominences  {e.g.  Apocynaceoe;  two  in  a  whorl  in  Vinca,  Dipladenia; 
five  in  Forsteronia;  many  in  Nerium;  CruciferaB,  generally  four:  in 
Vitis  five) ;  or  as  a  Hng  of  tissue,  round  the  base  of  the  ovary 
{e.g.  RutacesB,  Anacardiacesp,  RhamnaceoB,  Celastraceas) ;  or  on  the 
upjier  surface  of  the  inferior  ovary  {e.g.  UnibellifersB). 

The  position  of  the  axial  nectaries  or  discs  is  various :  in  some 
flowers  it  is  extra-staminal,  and  then  it  is  situated  either  between 
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the  androecium  and  the  corolla  (e.g,  Capparidaceae,  Sapindaceie, 
Resedaceae),  or,  less  commonly,  between  the  corolla  and  the  calyx 
(e.g.  some  Apocjnace®,  such  as  Xennm) :  in  others  it  is  intra- 
staininal,  that  is,  between  the  androecinm  and  the  gynteceam  (as 
in  RatacesB,  BhamnacesB,  Celastraceae,  etc.).  Again,  the  disc  is 
generally  hypogynous,  but  sometimes  epigynous  ( Umbel liferae). 

Generally  speaking,  when  the  nectaries,  of  whatever  kind,  are 
towards  the  outside  of  the  flower,  the  anthers  are  extrorse  (e  g. 
Rannnculacese);  and  when  towards  the  centre  of  the  flower,  the 
anthers  are  introrse. 

The  most  striking  accessory  structures  are  those  of  the  Passion- 
flower :  these  are  coloured  filaments,  borne  in  successive  whorls 
(as  many  as  five),  between  the  corolla  and  the  andixecium:  they 
are  not  glandular,  neither 
can  they  be  regarded  as 
staminodia  or  as  modified 
petals. 

The  General  Histology 
of  the  sporophyte  is  suf- 
ficiently treated  of  in  Part 
II.,  and  in  the  general 
account  of  the  Phanero- 
gams (p.  440). 

The  Embryogeny  of  the 
sporophyte  is  considered 
on  p.  440. 

The  Gametophyte  is  con- 
sidered on  p.  447. 

Fertilisation,  After 
reaching  the  stigma  the 
pollen-grains  protrude  the  pollen-tubes  which  penetrate  through 
the  tissue  of  the  style  into  the  cavity  of  the  ovary,  and  through 
the  micro pyle  of  each  ovule  to  its  nucellus  (Fig.  339  P  n).  The 
time  required  by  the  pollen-tube  for  this  process  depends  partly  on 
the  distance  of  the  pollen-grain  from  the  ovule  and  partly  on  the 
specific  peculiarities  of  the  plant;  thus  the  pollen-tube  of  the 
Crocus  takes  only  from  one  to  three  days  to  traverse  the  style, 
which  is  from  five  to  ten  centimetres  in  length  ;  but  in  the  Orchids, 
where  the  length  of  the  style  varies  from  two  to  three  millimetres, 
several  days,  weeks,  or  even  months  are  needed,  and  it  is  during 
this  process  that  the  ovules  are  formed  in  the  ovary. 

V.  s.  B.  MM 


Fio.  339.— Diagnram  of  an  ovale  shortly  after 
fertilisation ;  a  outer,  and  i  inner  intogamenta ;  / 
f  anicle :  k  nncellas.  8  Embryo-sac  in  which  B  is 
the  embryo  developed  from  the  fertilised  oospbere. 
The  sac  also  contains  the  endosperm-cells  which  are 
being  formed  by  free  cell-formation.  P  The  pollen- 
tube,  passing  through  the  micropyle,  n. 


\ 
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In  Casaarina  tLe  pollen-tube  does  not  enter  the  ovary  by  the  style,  but  makes 
its  way  through  the  tissue  of  the  wall  of  the  ovary  into  the  placenta,  whence  it 
penetrates  into  the  ovule  by  the  chalaza :  the  pollen-tube  now  grows  towards 
the  micropylar  end  of  the  ovule  through  one  of  the  elongated  sterile  macro- 
spores  (see  p.  438).  and  comes  into  close  relation  with  the  fertile  macrospore, 
without,  however,  entering  it ;  the  male  cell  is  apparently  extruded  from  the 
pollen-tube  into  the  macrospore,  and  enters  the  oosphere  from  below.  The  ter- 
minal  portion  of  the  pollen-tube  becomes,  in  this  case,  completely  abstricted  off 
from  the  rest :  and  generally,  when  the  poUen-tube  is  very  long,  the  terminal 
portion  becomes  shut  off  from  the  rest  by  a  plug  of  cellulose.  Some  other 
Amentales  (Corylus,  Carpinus,  Alnus,  Betula)  also  are  chulatogamic* 

The  Beffults  of  Fertilisation.     The  Seed  is  described  on  p.  458. 

The  Fruit,  In  view  of  the  variety  in  the  strnctnre  and  morph- 
ology of  the  fruit  of  Angiosperms,  a  somewhat  detailed  account  of 
it  is  necessary. 

The  word  fruity  in  its  strictest  sense,  means  the  whole  product 
of  the  development  of  the  gynsBceum  as  a  result  of  fertilisation.  If 
other  parts  of  the  flower  take  part  in  the  formation  of  the  organ 
which  is  formed  in  consequence  of  fertilisation,  and  which  contains 
the  seed  (of  what,  in  short,  is  commonly  called  the  fruit),  it  is 
termed  a  spurious  fruit  or  pseudocarp.  The  apple,  for  instance,  is 
such  a  spnrious  fruit,  for  the  outer  fleshy  part  belongs  to  that 
part  of  the  axis  of  the  perigynous  flower  which  surrounds  the 
ovaries  and  which  still  bears  the  sepals  (Fig.  2  A),  What  are 
called  the  pips  of  the  apple  are  the  seeds.  This  kind  of  spurious 
fruit  is  termed  a  pome.  The  straw beny  also  is  a  spurious  fruit : 
in  it  the  receptacle,  which  belongs  of  course  to  the  axis,  de- 
velopes  largely  and  becomes  fleshy  and  bears  the  true  fruits 
(achenes)  in  the  form  of  small  hard  grains.  The  flg  is  another 
example  of  a  spurious  fruit;  it  is  in  fact  a  fleshy  receptacle 
(i.e.  an  axis)  which  bears  a  multitude  of  distinct  flowers  situated 
inside  the  cavity  of  the  receptacle,  and  the  individual  fruits 
appear  as  hard  grains ;  such  a  fruit  is  termed  a  syconu^.  Again, 
when  the  ovaries  and  floral  envelopes  of  closely  crowded  flowei*s, 
as  in  the  Mulberry  and  the  Pine- apple,  become  succulent,  a  kind 
of  spurious  fruit  is  formed  which  is  termed  a  sorosis. 

In  other  cases,  a  husk,  called  the  cupule  is  formed,  which  contri- 
butes to  the  formation  of  a  spurious  fruit :  this  is  formed  by  the 
bracteoles  and  is  not  developed  nntil  after  fertilisation  ;  it  may 
surround  either  a  solitary  distinct  frnit,  like  the  acorn-cup,  or 
several  distinct  fruits,  like  the  four-valved  spiky  husk  of  the 
Beech-tree  or  the  prickly  husk  of  the  edible  Chestnut. 
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PfO.840.— Prnitof  inidum 
aniMatumi  »t  ped ancle;  // 
tho  separate  frnito,  each 
with  a  seed  (•)  fnnning  an 
apocarpous  fmctification. 


When  the  frait  consists  of  one  or  more  raonomeroas  ovaries,  it 
is  said  to  be  apocarpous :  examples  of  this  occur  in  Rannnculns,  in 
the  Raspberry,  where  the  individaal  ovaries  are  succulent,  and  in 
the  Star- Anise  (Fig.  340).  The  individual 
fruits  maj  be  developed  in  verj  different 
ways ;  they  may  be  dehiscent  or  indehis- 
cent,  dry  or  succulent. 

When  the  fruit  consists  of  a  single  poly- 
merous  ovary,  it  is  said  to  be  syncarpous. 
When  the  carpels  of  such  a  fruit  separate 
septicidally  during  the  process  of  ripening, 
so  that  it  ultimately  appears  as  if  a  number 
of  distinct  fruits  were  present,  it  is  tei*med 
a  schizocnrp :  it  may  thus  split  into  only 
two  distinct  fruits,  as  in  the  Umbelliferae  (Fig.  341);  or,  a.s  in  the 
GeraniacesB  and  many  Malvaceae,  into  several  distinct  fruits :  each 
of  them  is  termed  a  coccus  or  mericarp ;  the  individual  coccus 
is  generally  indehiscent  (dehiscent  in  most  Euphorbiaceae). 

In  various  multilocnlar  ovaries  only  one  loculus  becomes  fully 
developed  and  bears  seeds,  as  in  Valerian, 
the  Coco-Nut,  and  the  Oak;  the  others 
are  abortive.  It  sometimes  happens  in 
cultivated  plants  that  the  fruit  becomes 
perfe'^tly  formed  without  any  development 
of  seed,  as  in  a  particular  seedless  variety 
of  Grape,  the  Banana,  the  Pine-Apple, 
etc. 

In  all  true  fruits  the  wall  of  the  ovary 
forms  the  pericarp  or  rind.  In  some  more 
or  less  succulent  fruits,  the  pericarp  con- 
sists of  three  distinct  layers ;  the  external 
layer  is  the  epicarp,  the  middle  the  mesO' 
carpf  and  the  innermost  the  endocarp. 


The  following  varieties  of  true  fruits  have  b<»en 
distlDguisbed  by  the  character  of  the  pericarp, 
whether  it  is  dry  or  saccalent,  hard  or  soft,  —and  by 
the  dehiscence  or  indehiscenoe  of  the  pericarp. 

A.  Dby  Froits.  The  pericarp  is  woody  or  cori- 
aceous; when  ripe,  the  sap  has  usually  dinappearei 
from  all  the  cells. 

I.  Vry  Indehiicent  Fruiit,    The  pericarp  does  not 


Fio.  341.— Carum  Carui, 
one  of  the  Umbelliferse.  A 
Ovary  of  (he  flower  (/). 
B  Ripe  schlsocarp  which 
has  divided  into  two  cocci 
or  merioarps  (m),  a  portion 
of  the  median  wall  (a)  forms 
the  carpophore. 
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rapture,  but  encloses  the  seed  until  germination  ;  the  testa  is  usually  thin,  and 
frequently  coalescent  with  the  pericarp. 
(1)  One-seeded  fruits : 

(a)  The  nut  {glani)^  e.g.  Acorn,  Hazel-Nut  (but  not  the  Walnut) ;  the 
dry  pericarp  is  hard  and  sclerenchymatous :  it  is  inferior  and  syn- 
carpous. 
(6)  The  achene  is  superior  and  monomerous :  the  perioarp  is  thin  and 
coriaceous;  e.g.  the  Bose  and  the  Buttercup.  The  similar  fruit 
of  the  CompositfB  is  a  cypsela  ;  it  is  inferior  and  dimerous. 

The  fruit  of  Grasses,  termed  a  curyopsis,  is  very  similar  to  the 
achene ;  it  differs  from  it  in  that  the  testa  and  the  pericarp  closely 
adhere,  whereas  in  the  achene  they  are  not  adherent. 


Fio.  8i2.— Dry  dehiscent  fruits.  A  The  pod  Oegrnme)  of  the  Pea:  t  the  dorsal  suture  j  b 
the  ventral ;  c  calyx;  »  ^eeds.  B  Septioidal  capsule  of  Colchicum  autumnaU :  ///  the  thi*ee 
separating  carpels.  C  Siliqua  of  Brassica:  k  the  valves;  w  the  dissepiment  and  placentas 
(replum);  •  seeds ;  g  style ;  n  stiKma.  D  Capsule,  opening  by  pores,  of  Papavr  somtit/erum, 
tbe  Poppy  ;  n  stigma ;  j  the  pores  which  open  by  the  removal  of  the  valves  (a).  E  Pyxidium 
of  Hyoscyamus ;  d  the  lid ;  w  the  dissepiment;  •  seeds. 

(2)  Many-seeded  fruits :  these  (sehizocarps)  commonly  split  into  one-seeded 
fruits,  whicn  usually  enclose  the  solitary  seeds  until  germination:  e.g.  the 
Umbelliferffi  (Fig.  341)  and  Maple,  with  two  mericarps ;  the  Geraniacea,  with 
five  mericarps;  and  most  Malvaceae,  where  the  fruit  is  termed  a  carcerule,  and 
splits  into  many  mericarps  (see  p.  632,  and  Fig.  413). 
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The  pericarp  of  dry  indehisoent  fraits  is  sometimes  developed  into  a  mem- 
branons  wing  {e.g.  Ash,  Elm,  Biroh) ;  to  suoh  a  frait  the  term  tamara  is  applied: 
the  froit  of  the  Maple  is  a  doable  samara  (Fig.  418). 

II.  Dry  Dehiscent  Fruits,  The  pericarp  ruptures  and  allows  the  seeds,  which 
usually  have  a  firm  and  thick  testa,  to  escape  : — they  are  commonly  many- 
seeded. 

(1)  Dehiscence  longitudinaL 

(a)  The  follicle,  consisting  of  a  single  carpel  which  dehisces  along  the 
ventral  suture,  where  also  the  seeds  are  borne,  e.g.  ^sonia  and 
Ulicium  (Fig.  340) ;  but  sometimes  {e.g.  Magnolia)  along  the  dorsal 
suture :  it  is  superior. 
{b)  The  legume  or  pod  likewise  consists  of  but  one  carpel  which  dehisces 
along  both  the  dorsal  and  ventral  sutures  (Fig.  842  A,  trans- 
verse section  Fig.  336  A) :  e.g.  the  Vetch,  Pea,  Bean,  and  many 
other  LeguminosaB ;  in  some  cases  (Astragalus)  a  spurious  dissepi- 
ment occurs :  it  is  superior. 

The  lomentum  is  a  modification  of  the  legume ;  it  is  constricted 
between  the  seeds,  and  it  is  either  indehiscent  or  it  breaks  across, 
when  ripe,  at  the  constricted  parts.    It  occurs  in  the  Hedysareie. 

(c)  The  siliqua   consists  of  two  coherent  carpels.     The  two  carpels 

when  ripe  separate  from  the  base  upwards  into  two  valves,  leaving 
their  margins  (with  the  parietal  placente  and  the  spurious  dis- 
sepiment) attached,  as  a  frame  or  replum,  to  the  apex  of  the 
pedicel ;  e.g.  Rape,  Mustard,  and  most  of  the  CruoifersB  (Fig.  342 
C) :  it  is  superior. 

When  the  siliqua  is  short  and  broad,  it  is  termed  a  silic»la,  as 
in  Thlaspi  and  Capsella.  In  some  cases,  as  in  the  Badish,  the 
siliqua  is  jointed  and  indehiscent.  breaking  transversely  into  one- 
seeded  portions.  It  resembles  the  lomentum,  and  is  therefore 
said  to  be  lomentaceous. 

(d)  The  capsule  is  derived  from  a  polymerous  syncarpous  ovary  which 

may  be  uni-  or  multilocular ;  it  splits  into  two  or  more  valves, 
either  for  a  short  distance  only  from  the  apex  downwards,  or  down 
to  the  very  base  (Fig.  842  B).  If  the  carpels  become  separated 
from  each  other,  and  in  the  case  of  multilocular  ovaries  this  in- 
volves the  splitting  of  the  dissepiments  (Fig.  343  A)^  the  dehiscence 
is  said  to  be  septicidal ;  if,  on  the  other  hand,  each  carpel  splits 
along  its  dorsal  suture,  the  dehiscence  is  said  to  be  loculUMul 
(Fig.  343  B).  In  either  form  of  dehiscence  in  a  multilocular  ovary 
the  placentas  may  either  adhere  to  the  valves  (Fig.  843  B)^  or  re- 
main united  into  a  central  column  which  is  free  from  tbe  valves ; 
in  the  latter  case  the  dehiscence  is  further  described  as  being 
septi/ragal  (Fig.  343  C). 

The  capsule  is  usually  superior,  but  sometimes,  as  in  Iridacea 
and  GampanulacefB,  it  is  inferior ;  a  special  terra,  diplotegium,  is 
applied  to  the  inferior  capsule  by  some  authors. 
(3)  The  form  of  capsule  known  as  a  pyxidium  has  a  transverse  dehiscence, 

e.g.  in  Plantago,  Anagallis,  Hyoscyamus  (Fig.  342  E) ;  the  upper  part  falls  off 

like  a  lid. 
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Fig.  343.~DiagrammBtio  eections  of  dehiscent 
pQultilocular  capgales.  A  Septicidal,  B  locuH- 
cidal,  dehiacence ;  C  loculicidal  septifragal 
dehiscence. 


(3)  The  porous  capt^uU^  e  g.  the  Poppy  (Fig.  342  /)),  sheds  its  seeds  throngh 
Biuall  holes  arising  from  the  removal  of  small  portions  of  the  wall  in  certain 
spots. 
B.    Succulent  Fruits.    In  these  the  pericarp  is  usually  differentiated  into 

lavers,  and  some  portion  of  it  re- 
tains its  sap  until  it  is  ripe,  and 
usually  becomes  fleshy  at  that 
stage ;  it  is  indehiseSnt. 

(1)  The  drupe  (Fig.  344),  is  su- 
perior and  monomerous,  e.g.  the 
Plum,  Cherry;  or  synoarpous,  e.g, 
the  Wahiut  aud  Coco-Nut.  The 
most  internal  layer,  the  eudocarp, 
j  i  I         ^^        H        is  very  hard  and  sclerenchymatous 

'w^     1        V'  V        »  ^        (^*8»  344 «)  i  it  is  commonly  known 

^^s^B***^  ^»fcA«B!^»*^  as  the  atoiie  in   Plums,   Peaches, 

etc.,  and  encloses  the  seed  until 
germination :  the  mesocarp  is 
generally  succulent,  and  the  epi- 
carp  is  a  delicate  membrane  :  when 
the  fruit  consists  of  several  drupes, 
they  are  commonly  termed  drupels  (e.g.  Raspberry). 

(2)  The  berry  (hacca) :  the  endocarp  is  soft  aud  juicy  as  well  as  the  mesocarp, 
so  that  the  seeds  are  imbedded  in  the  pericarp  :  there  may  be  one  seed  only,  as 
in  the  Date;  or  many,  as  in  the  Gourd,  Currant  and  Orape:  the  fruit  may  have 
one  loculus,  as  in  the  Qrape  and  the  Gourd,  or  several  loculi,  as  in  the  Orange ; 
and  further,  it  may  be  superior,  as  in  the  Grape, 
Orange,  aud  Lemon ;  or  inferior,  as  iu  the  Cur- 
Tirhl  '^is^THi  '**'^'»  *^®  Gooseberry,  and  the  Gourd. 


When  the  fruit  is  apocarpous  and 
consists  of  many  achenes,  drupels,  or 
follicles,  it  is  termed  an  elcsrio;  for  in- 
stance, the  fruit  of  the  Buttercup,  the 
Ro.se,  and  the  Sti*awberry  is  an  etsno 
of  achenes ;  that  of  the  Raspberry  and 
the  Blackberry  is  an  etaerio  of  drupels; 
that  of  the  Tulip-Tree  and  of  the  Mag- 
nolia is  an  etaDrio  of  follicles. 

The  transition  between  a  syncarpous  and  an 
apocarpous  fruit  can  be  readily  traced  in  the 
MalvacesB,  from  the  loculicidal  capsule  of  the 
Hibiscese,  through  the  schizocarpous  carcerule 
of  the  Malveffi,  to  the  fruit  of  the  Malopea 
achenes  though  the  styh  s  are  oohereut. 


Fio.  341.— Longitudinal  sec- 
tion of  the  drupe  of  the  Almond : 
•  the  seed  attached  by  the  fun- 
icle  (/) ;  •  the  hard  endocarp ; 
m  the  mesocarp;  and  a  the 
epicarp— these  constitute  the 
pericarp  (p). 

which  resembles  an  etaerio  of 


GROUP  lY. —  PHANEROOAMIA  :   ANQIOSPERMJB  ;    HONOCOTYLGDONES.    533 

The  Angioaperms  are  sabdivided  as  follows  : — 

Class  IX.  MoNOCOTYLEDONES :  the  embryo  has  usually  a  single 
terminal  cotyledon,  and  the  growing-point  of  the  primary  stem  is 
developed  laterally  :  the  ripe  seed  nsaally  contains  abundant  endo- 
sperm :  the  vascular  bundles  of  the  stem  are  closed :  the  leaves 
commonly  have  parallel  venation:  the  flower  belongs  usually  to 
the  pentacyclic  trimerous  type. 

Class  X.  DicOTYLEUONES :  the  embryo  has  usually  two  opposite 
cotyledons,  and  the  growing-point  of  the  primary  stem  is  de- 
veloped terminally :  the  ripe  seed  is  commonly  exalbuminons  : 
the  vascular  bundles  of  the  stem  are  usually  open :  the  leaves 
commonly  have  reticulate  venation  :  the  stracture  of  the  flower 
varies,  but  it  frequently  belongs  to  the  pentacyclic  pentamerous 
type. 


Class  IX.— MONOCOTYLEDONES. 

Although  the  seed  typically  contains  endosperm,  it  contains 
none  in  certain  orders;  namely,  the  Orchidacese,  most  aquatic 
Monocotyledons  ( Alismales,  Hydrocharidaceee),  and  in  some  genera 
of  Ai*ace89  (Orontium,  Symplocarpas,  Scindapsus,  Monstera, 
Amorphophallas).  In  the  Scitaminesa  perisperm  is  always 
present  in  the  seed,  either  together  with  endosperm  (Zingi- 
beracesB),  or  without  endosperm  (Musacesa,  Marantacese).  In  the 
albuminous  seeds,  the  embryo  is  usually  small  in  proportion  to 
the  endosperm  (Fig.  345  I,  <?,  c). 

Whilst  the  single  cotyledon  of  the  embryo  is,  as  a  rule,  terminal 
and  the  growing-point  of  the  stem  lateral,  in  some  foi*ms  the 
growing- point  of  the  stem  is  terminal  (apical)  on  the  longitudinal 
axis  of  the  embryo  (DioscoreacesB,  Commelynacees,  see  p.  445). 
The  growing-point  of  the  primary  stem  frequently  developes  into 
a  plumule.  The  axis  of  the  embryo  terminates  posteriorly  in  a 
short  radicle. 

On  germination,  the  upper  end  of  the  cotyledon  commonly 
remains  in  the  seed  and  absorbs  the  nutritious  substances  de- 
posited in  the  endosperm  (Fig.  345  II -IV,) ;  the  lower  part  of  the 
cotyledon  elongates  and  pushes  the  rest  of  the  embryo  out  of  the 
seed.  In  Grasses  the  cotyledon  has  a  peculiar  shield-like  form,  and 
is  termed  the  scutellnm  (Fig.  346  sc) :  in  the  ripe  seed  it  almost 
entirely  encloses  the  embryo,  and  is  in  contact  by  its  outer  surface 
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with  the  endosperm;  during  germination  the  cotyledon  absorbs  the 
nutritions  matters  con- 
tained in  the  endo- 
sperm, while  the  stem 
with  the  other  leaves 
grows  out  of  the  seed. 
In  other  Monocoty- 
ledons either  the  coty- 
ledon is  a  sheathing 
scale,  or  it  is  the  first 
green  leaf  differing  but 
little  from  the  foliage- 
leaves  which  are  sub- 
sequently developed. 

In  many  Grasses  there  is 
a  scaly  appendage  borne 
opposite  to  the  scntellum ; 
this  is  termed  the  epiblastt 
and  is  sometimes  regarded 
as  a  rndimentary  second 
cotyledon  (Fig.  346  B,  I), 

The  primary  root 
usually  remains  small 
and  inconspicuous :  in 
Grasses  generally,  the 
radicle  begins  to  branch 
before  it  escapes 
through  the  micropyle 
on  germination,  so  that 
the  root  is  then  fibrous; 
when  this  is  the  case 
the  inadequate  root- 
system  is  supplemented 
by  the  development  of 
adventitious  roots  in 
succession  at  higher 
and  higher  levels  upon 
the  stem.  The  epi- 
blemaof  the  root  is  the 
external  layer  of  the 
cortex  (see  p.  154). 


Fie.  S48.  —  GerminatioB  of  PXcntin  dadylifera,  the 
Date.  I.  Transverse  section  of  the  dormant  seed.  IIL, 
IV.  Different  stages  of  germination  {IV,  the  natural 
size).  A  Transverse  section  of  tbe  seed  at  ttx  in  IV, 
B  Transverse  section  of  the  seedling  at  c  y :  C  at  1 1. 
•  The  homy  endosperm ;  •  the  sheath  of  the  cotyledon ; 
•t  its  stalk  ;  o  its  apex  developed  into  an  organ  of  ah- 
sorption  which  gradually  consumes  the  endosperm  and 
at  length  occupies  its  place ;  to  the  primary  root;  v>' 
secondary  roots  j  h'  h"  the  leaves  which  succeed  tbe 
cotyledon ;  (b")  becomes  the  first  foliage-leaf,  in  B  and  0 
its  folded  lamina  is  seen  out  across.    (After  Sachs.) 
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The  stem  of  Monocotyledons  is  traversed  longitudinally  (Fig. 
132,  p.  172)  by  scattered  closed  vascular  bundles  (Fig.  137)  ;  it 
has  therefore  no  growth  in  thickness  by  the  means  of  cambium. 
In  a  few  genera  only,  as  Yucca  and  Dracaena,  it  grows  subse- 
quently in  thickness  by  the  formation  of  meristem  in  the  pericycle 
from  which  additional  closed  vascular  bundles  are  developed  (see 
p.  205,  and  Fig.  154). 

The  axis  of  the  embryo  in  many  cases  continues  to  be  the  main 
axis  of   the   plant;  at  first  it   is   thin  and   weak,  and   since  no 


sc 


Fig.  346.— Gniin  of  Trtticum  viiTj^ar*,  the  Wheat  A  Croae'eection  throngh  the  pericarp 
and  testa.  Of  these,  cp  is  the  epidermiB,  •  the  onter  layers,  and  clil  the  chlorophyll- 
layer,  or  the  pericnrp:  <i  remnanto  of  the  ovular  integument,  and  n  the  outermost 
tliickened  layer  of  the  nucellus;  these  together  constitute  the  testa:  al  the  aleuron- 
layer  of  the  endosperm  (x  210).  B  Median  longitudinal  section  through  the  lower 
pnrt  of  a  ripe  grain,  in  the  plane  of  the  furrow.  At  the  bottom  of  this  to  the  left  is 
the  embrj'o :  the  scutellum,  se  ;  I'  the  ligule  of  the  soutellum ;  vt  its  vascular  bundle ;  c« 
its  layer  of  cylindrical  epithelium :  c  the  sheath  of  the  plumule  (colooptile);  p«  the  grow- 
ing-point of  the  stem;  hp  the  hypoootyl ;  I  the  epiblast;  r  the  radicle;  cp  the  root^^ap  of 
the  radicle ;  el  the  root-sheath  (coleorhiza) ;  «i  place  of  exit  of  the  radicle,  corresponding 
with  the  micropyle  of  the  ovule ;  p  the  funicle ;  vp  vascular  bundle  in  the  funicle ;  / 
lateral  surface  of  the  furrow  (x  14).    (After  Strasburger.) 

secondary  growth  in  thickness  of  the  stem  takes  place,  and  since 
the  successive  portions  of  the  stem  are  thicker  and  more  vigoi*ou8, 
the  whole  stem  gradually  assumes  the  appearance  of  an  inverted 
cone ;  but  whan  the  plant  bas  reached   a  certain  height  it  may 
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then  grow  cylindricallj :  this  is  the  reason  why  in  Palms,  in  the 
Maize,  and  other  similar  erect  stems,  there  is  a  diminution  in 
thickness  at  the  lower  end.  Frequently,  however,  the  primary 
axis  of  the  plant  perishes  when  it  has  given  rise  to  latei-al 
shoots. 

The  arrangement  of  the  leaves  is  at  first  alternate :  when  the 
stem  is  well  developed  this  alternate  arrangement  often  passes 
over  into  complex  spirnl  arrangements,  as  in  Fritillaria  and  in 
Palms,  in  winch  plants  a  crown  of  leaves  is  conspicuous.  In  the 
Grasaes,  &yA  a  few  other  famiHes,  the  phyllotaxis  is  permanently 
alternate.  A  whorled  arrange- 
ment of  the  foliage -leaves 
occurs  but  rarely. 

The  leaves  commonly  have  a 
well- developed  sheathing  leaf- 
base  :  they  may  be  described 
as  exstipulate,  although  certain 
structures,  such  as  the  axillary 
scales  {sqnamulm  intravagU 
nales)  of  Naias,  Elodea,  Acorus, 
etc.,  and  the  tendrils  springing 
from  the  petioles  of  Smilax, 
have  been  described  as  stipules, 
but  without  conclusive  evi- 
dence. The  scales  of  Naias, 
etc.,  seem  rather  to  be  llgular. 
The  lamina  is  usually  entire, 
simple  in  outline,  often  long 
and  narrow,  linear  or  ensi- 
form,  more  rarely  orbicular, 
cordate  or  sagittate.  Branched 
leaves  occur  only  in  a  few  of 
the  AraceaB :    the   pinnate    or 


Fig.  347.— Longitudinal  section  of  the  grain 
of  Zea  Mai$  ( x  about  6) :  e  pericarp ;  n  re- 
mains of  the  stigma ;  /$  base  of  the  grain ;  0^ 
hard  yeilowitfh  part  of  the  endosperm ;  «to 
whiter  less  dense  part  of  the  endosperm ;  to 
scutellum  of  the  embryo;  m  its  apex;  0  its 
epidermis ;  k  plumule ; «  (below)  the  primary 
root ;  v}»  the  coleorhiza ;  10  (above)  e^econdary 
roots  springing  from  the  epicotyl  (»t).  (After 
Sachp.) 


palmate  leaves  of  the  Palms 
acquire  this  form  by  the  splitting  of  the  originally  entire  laminaa, 
and  the  same  is  the  case  with  the  perfoi-ated  leaves  of  many 
Araceee  (see  p.  54). 

The  venation  of  the  leaves  is  characterized  by  the  fact  that  the 
weaker  veins  do  not  usually  project  on  the  under  surface.  In 
linear  leaves,  and  in  such  as  are  inserted  by  a  broad  base,  the 
stronger  veins  run  almost  parallel;  in  broader  ones,  e.g.  Lily  of 
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the  Valley  (ConvaUaria  majalis),  thejr  describe  a  curve  which  is 
more  or  less  parHllel  to  the  margin  ;  the  weaker  veins  usually  run 
at  right  angles  between  the  stronger  ones.  In  the  Scitamineaa 
and  a  few  other  plants,  a  number  of  parallel  transvei*se  veins  are 
given  off  at  various  angles  (sometimes  acute,  and  sometimes  nearly 
right  angles)  from  the  midrib.  Reticulate  venation  of  the  leaves 
is  unusual ;  but  it  occurs  in  Aroids,  in  Paris  quadj-ifoliay  etc.  (see 
p.  56). 

The  flower  of  Monocotyledons  consists  typically  of  five  alternat- 
ing and  isoraerous  whorls,  two  belonging  to  the  perianth,  two  to 
the  androecium  and  one  to  the  gy nsecetim.  Thus  the  typical 
formula  is  iTn,  (7n,  Jn  +  n,  Qn,  where  n  in'  most  cases  =  3,  more 
rarely  =  2,  4  or  5. 

Lateral  flowers  have  a  posterior  prophyllum ;  hence  the  first 
perianth-leaf  is  anterior.  The  perianth- leaves  are  generally  all 
much  alike,  and  petaloid  in  both  series :  sometimes  they  are  all 
sepaloid  {e.g.  Juncacess)  ;  more  rarely  those  of  the  external  whorl 
are  sepaloid,  those  of  the  internal  petaloid  (e.y.  Commelynacete, 
Alisraaceao). 

This  type  is  most  closely  adhered  to  in  the  Liliaceaa.  The  simplest 
departure  from  it  is  exhibited  in  the  suppression  of  the  inner 
whorl  of  stamens  in  the  Iridaceee,  and  in  the  inferior  position  of 
the  ovary.  This  latter  character  occurs  also  in  the  Scitamineaa 
and  OrchidaceoB,  which  are  further  characterized  by  the  zygomor- 
phism  of  their  flowers  and  the  considei*able  reduction  of  the 
andrcBcium.  Other  various  and  considerable  deviations  by  re- 
duction from  the  Liliaceous  type  of  flower  occur  among  the 
Ai*ace»,  and  in  the  Glumales,  and  Typhaceae,  and  in  certain  water- 
plants  {e.g.  Naiadaceae,  Leranaceie).  On  the  other  hand,  tho 
deviation  may  be  due  to  increase  in  number,  more  especially  of  the 
members  of  the  gy naeceum  and  to  some  extent  of  the  androecium 
{e.g,  Alismaceae). 
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Sdb-Class  L    SPADICIFLORu^. 


Inflorescence  nsually  a  spadix  with  a  spatbe,  but  flower  some- 
times solitary:  flowers  frequently  monosporangiate,  sometimes 
dioecious :  perianth,  often  wanting,  never  petaloid :  anthers  usu- 
ally extrorse,  or  dehiscing  by  pores  :  ovary  superior. 

Cohort  1.  Arales.  The  flowers  are  small  and  numerous;  the 
inflorescence  a  spadix  or  a  panicle  with  thick  branches,  commonly 
enclosed  in  a  greatly  developed  spathe;  the  bracts  of  the  indi- 
vidual flowers  are  frequently  wanting ;  perianth  0,  or  polyphyl- 
lous ;  the  flowers  ai"e  usually  diclinous,  but  both  kinds  of  flowers 
frequently  occur  in  the  same  inflorescence  :  gy nseceum  apocarpous 
or  syncarpous  :  the  seeds  have  a  large  endosperm  :  the  embryo  is 
straight  and  minute. 

Order  1.  Arace^.  Flowers  monoecious  or  5  :  perianth  0  or  of 
4-6  leaves :  stamens  1-8,  frequently  coherent  into  a  synandrium 
in  the  (J  flowers :  ovary  monomerous,  or 
polymerous  and  multilocular :  fruit  a  berry  : 
seed  sometimes  exalbnminous.  Mostly  tro- 
pical. 

In  many  of  the  genera  the  flowers  are 
complete  and  conform  to  the  monocotyle- 
donons  type,  Kn,  On,  An  -\-  n  (?  ("),  where 

n  may  stand  for  2,  or  3, 

as  in  Acorus  (Fig. 348), 

in   which    the    flowers 

are  exactly  typical.    In 

other  genera,  however, 

the  flowers  are  reduced 

in  various  ways  and  de- 
grees ;    not    only  does 

the  perianth  disappear, 

but  the  number  of  the 

stamens  and  carpels  is 

frequently  diminished. 

In     many     ?     flowers 

staminodia  are  present, 
either  in  the  typical  or  in  a  smaller  number, 
offered  by  those  diclinous  flowers  of  which  the  (J  consists  of  only 
a  single  stamen  (e,g.  Arisarum),  and  the  ?  of  only  one  monomerous 


Pio.  3  is.— Flower  of 
Aeonf  Calamus  (ma;;.) : 
a  outer,  i  inner  peri- 
anth ;  st  Stamens ;  / 
ovary. 


Fio.  319.— Spadix  of  Arum 
maeulatum  (nat.  sise) :  / 
macro8poran((iate,  amicro- 
sporangiate,  and  b  nidi- 
mentary  flowers;  e  the  up- 
per club-shaped  end  of  the 
spadix. 

t 

An  extreme  case  is 
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ovarj.  These  much  reduced  flowers  are  disposed  in  regular 
order  on  the  spadix :  thus  in  Arum  (Fig.  349)  the  numei^ons  9 
flowers,  consisting  each  of  one  carpel  (Fig.  349/),  are  inserted  on 
the  base  of  the  spadix  ;  and  the  ^  flowers,  each  consisting  merely 
of  3-4  stamens,  are  closelj  packed  higher  up  on  it  (Fig.  349  a). 
The  upper  part  of  the  spadix  is  covered  with  rudimentary  flowers 
(6,  c).  When,  as  in  this  case,  the  perianth  of  the  true  flowers  is 
wholly  wanting,  the  whole  inflorescence  may  assume  the  aspect 
of  a  single  flower ;  but  irrespectively  of  the  numerous  intermediate 
forms  whicb  are  to  be  found,  such  a  view  is  untenable  when  it  is 
borne  in  mind  that  here  the  ovaries  are  invariably  situated  below 
the  stamens,  while  in  a  flower  they  are  invariably  above  them. 

The  usually  sympodial  stem  may  be  undergi'ound,  a  tuber,  or  a 
rhizome,  or  it  may  be  aerial ;  in  the  latter  case  it  often  climbs, 
clinging  to  trees  by  means  of  aerial  roots.  The  leaves  are  either 
alternate  and  distichous  or,  more  often,  spiral  with  a  divergence 
of  J.  They  are  rarely  narrow,  linear,  or  ensiform,  and  commonly 
consist  of  leaf-base,  petiole,  and  blade ;  the  venation  is  reticulate, 
and  the  leaf  often  exhibits  a  more  or  less  complicated  segmenta- 
tion. Laticiferous  sacs  or  cells  (see  p.  141)  occur  in  some  families 
of  the  order,  as  do  also  sclerotic  cells  (see  p  133). 

Fam.  1.  Pothoidea :  without  either  laticiferons  or  sclerotic  cells:  flowers 
nsnally  ^ ,  with  or  without  a  perianth.  This  family  includes  a  number  of 
genera,  saoh  as  Pothos,  Anthurium,  Acorus.  The  only  member  which  occars  in 
Britain  is  Acorus  Calamus,  the  Sweet  Flag,  which  grows  on  the  margins  of 
ponds  and  rivers:  its  snbterranean  rhizome  bears  long  ensiform  alternate 
leaves,  crimped  at  the  edges;  its  fioweriug-shoot  is  triquetrous,  bearing  a 
terminal  spadix  whidi  is,  however,  displaced  to  one  jside  by  the  spathe  which 
developes  so  as  to  form  a  continuation  of  the  long  axis  of  the  flowering-shoot : 
the  spadix  is  densely  covered  with  flowers  (Fig.  848). 

Fam.  2.  M onsteroidea  :  without  laticiferous  cells,  but  with  sclerotic  cells: 
flowers  ^  ,  mostly  without  a  perianth.  Monstera  deliciosa  (sometimes  called 
Pliilodendron  perlusum),  with  perforated  leaves,  is  commonly  cultivated  in  hot- 
houses :  it  comes  from  Mexico.    Scindapsus. 

Fam.  3.  Calloidea :  with  straight  rows  of  laticiferons  cells :  flowers  usually 
^ ,  with  or  without  a  perianth :  leaves  never  sagittate.  No  member  is  indi- 
genous in  Britain :  Calla  palustris  occurs  in  the  marshes  of  Northern  Europe ; 
it  has  a  white  spathe  and  parallel-veined  leaves.     Symplooarpus.     Orontium. 

Fam.  4.  Lasioidea :  with  straight  rows  of  laticiferous  cells :  flowers  mono- 
or  ambi-sporangiate,  mostly  without  a  perianth:  leaves  sagittate,  often 
segmented.  This  family  includes  a  number  of  typical  genera,  of  which  Amor- 
phophallns  is  the  most  conspicuous. 

Fam.  5.    Philodendroidea :  with  straight  rows  of  laticiferous  cells :  floweiv 
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diclinons,  without  a  perianth :  stamens  usually  connate :  leaves  generally 
parallel'Veined.  Zantede*chia  (Calla  or  Richardia)  atkiopica,  with  a  white 
Bpathe,  is  commonly  oaltivated  under  the  name  of  the  Trumpet  Lily. 

Fam.  6.  Coloeasioidea :  with  a  net-work  of  laticiferous  yessels :  flowers 
diclinous,  mostly  without  a  perianth  ;  stamens  connate:  leaves  with  reticulate 
venation.  The  genera  Alocasia,  Colocasia,  and  Caladiumi  are  commonly  culti- 
vated as  foliage-plants. 

Fam.  7.  Aroidea  :  with  straight  rows  of  laticiferous  cells :  flowers  diclinous: 
usually  without  perianth.  Arum  maculatumt  the  Cuckoo-pint  or  Lords  and 
Ladies,  is  a  British  plant,  common  in  wood  and  hedges ;  the  large  green  spathe 
completely  envelopes  the  spadiz  (Fig.  349).  Draounculus  and  Arisarum  are 
also  European  genera. 

Fam.  8.  Pistioidea:  no  laticiferous  tissue:  flowers  diclinous,  without 
perianth :  microsporangiate  flowers  numerous  and  whorled,  macrosporangiate 
flower  single,  on  the  spadix. 

PUtia  Stratiotes^  a  tropical  water-plant,  is  characterized  by  having  the  flowers 
on  the  spadix  reduced  to  two,  one  g  flower,  and  one  9  flower  consisting  of  a 
single  carpel :  the  spadix  and  spathe  are  adherent.    It  appears  highly  pro- 
bable that  the  LeninacefB.  mentioned  below,  are  in 
fact  very  simple  forms  of  this  family. 

Order  2.  LEMNACBiB.  Stem  leafless. 
Each  inflorescence  consists  of  two  (J  flowers 
and  one  ?  flower  borne  on  a  lateral  branch 
of  the  stem :  the  ^  flowers  consist  of  a 
single  stamen,  and  the  $  flower  of  one 
carpel. 

Lemna  trisulea,  L,  {Spirodela)  polyrhiza,  minor 
and  gihhoy  are  known  as  Dnck-weed  ;  they  are  Fio.  350.— Part  of  a  plant 
common  in  tanks  and  ponds,  floating  on  the  water.  **'  i«mnatrMulca.seen  from 
mi.       X  V-  i_    •     1     21  1        i.    /»  i.  above :  o  the  young  lateral 

The  stem,  which  is   leafless,  is    almost    flat,  re-      branches  (nat  use), 
sembling  a  thallus :  it  bears  two  rows  of  branches 

(Fig.  350),  as  also  roots  on  its  under  surface  which  are  suspended  in  the  water. 
Boots  are,  however,  absent  in  Wolffia  arrniza^  which  is  also  devoid  of  vascular 
bundles ;  its  flower  has  no  spathe,  and  it  bears  only  one  row  of  branches :  it 
is  the  smallest  known  flowering  plant. 

Order  3.  Pandanace*.  Flowers  dicecions,  perianth  0 :  the  ? 
flower  sometimes  consists  of  a  single  carpel ;  or  of  several  carpels 
forming  a  maltilocalar  (species  of  Pandanus)  ovarj,  each  loculas 
containing  a  single  ovule;  or  of  several  carpels  forming  a  uni- 
locular (Freycinetia)  ovarj  with  numerous  parietal  ovules ;  they 
are  closely  crowded  on  the  spadix,  which  becomes  a  spurious  fruit: 
the  ^  flower  has  numerous  stamens:  in  the  genus  Freycinetia, 
each  flower  nsually  has  rudiments  of  the  missing  reproductive 
organs. 
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Pandanvs  utilis^  the  Screw-Pine,  and  other  species,  form  thickets  in  (he 
tropics,  particularly  on  the  banks  of  rivers.  The  straight  woody  stems,  which 
sabseqaently  branch,  give  off  numerous  strong  adventitious  roots  which  attach 
them  to  the  soil,  and  bear  crowns  of  large  narrow  linear  leaves,  the  margins 
of  which  are  frequently  set  rwith  sharp  spinous  teeth.  The  tough  vascular 
bundles  are  used  for  the  manufacture  of  fabrics.  The  genus  Freycinetia  in- 
cludes a  number  of  shrubs,  some  of  which  climb.  Tropics  of  Australasia,  and 
the  Malay  Archipelago. 

Order  4.  CYCLANTHACEiB.  Plants  of  a  palm-like  habit  in  Southern 
and  Central  America ;  the  diclinous  flowers,  which  nsually  have  a 
perianth,  are  disposed  on  the  spadix  in  regular  spirals :  o vales 
many,  parietal. 

The  leaves  of  Carludoviea  palmata  are  applied  to  various  purposes,  e.g. 
Panama  hats  are  woven  of  them. 

Order  5.  Typhace^.  Flowers  moncecioDs ;  the  perianth  repre- 
sented only  by  scales,  or  0.  Stamens  usually  3.  Ovary  usually 
monomerous,  containing  one  ovule.  Inflorescence  a  spadix,  with- 
out a  spathe,  elongated  or  compact. 

In  Sparganium,  the  Bur-Beed,  the  inflorescences  are  spherical  spikes  which 
are  borne  terminally  and  laterally  in  two  rows  on  the  upper  part  of  the  stem. 
The  lower  spikes  bear  only  9 ,  and  the  upper  only  ^  flowers ;  the  perianth 
consists  of  3-6  scaler  ;  stamens  3-8,  free  ;  gynaBcenm  sometimes  dimerous  with 
an  ovule  in  each  loculus.  Sparganium  timplex  and  ramo$um  are  not  rare  in 
ditches. 

Typha,  the  Beed-Mace  or  Bulrush,  bears  its  flowers  on  a  long  terminal  spadix; 
the  ^  flowers  are  borne  directly  on  t)ie  upper  and  thinner  portion  of  the  main 
axis;  on  the  lower  and  thicker  portion  are  borne  the  9  flowers,  partly  on 
the  main  axis  and  partly  on  very  short  lateral  shoots ;  the  perianth  is  replaced 
by  long  liairs  ;  stamens  1-5,  monadelphous.  Typha  angustifolia  and  latifolia 
occur  in  bogs  and  wet  places. 

Cohort  2.  Palmales.  Order  1.  PALMACEiE.  The  dioecious  or 
monoecious,  rarely  monoclinous  or  polygamous,  flowers  are  inserted, 
with  or  without  bracts,  on  the  spadix  or  on  the  thick  axis  of  a 
spicate  or  paniculate  inflorescence  (Fig.  351)  :  they  generally  con- 
form to  the  type  X3,  C3,  -43  -h  3,  6?  ii' :  in  some  instances  a  larger 
or  a  smaller  number  of  stamens  are  present :  anthers  sometimes 
introrse  :  carpels  rarely  more  or  less  than  3,  either  free  or  connate  ; 
when  the  gynoeceum  is  apocarpous,  the  ovary  is  unilocular ;  when 
syncarpons,  the  ovary  has  from  one  to  three  loculi.  Each  loculus 
contains,  typically,  a  single  basal  ovule  ;  but  in  trimerous  ovaries, 
two  of  the  ovules  are  generally  abortive :  frequently  not  tnore 
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than  one  of  the  carpels  (whether  the  gynceceum  be  apocarpoas  or 
syncarpoas)  developes  into  the  fruit :  the  fruit  is  generally  bac- 
cate or  drupaceons,  one-seeded :  the  seed  is  large,  and  the  contained 
endosperm  is  horny. 

Their  mode  of  growth  is  somewhat  various.  Most  palms  bear 
^heir  leaves  closely  aiTanged  in  a  crown  at  the  top  of  a  tall  or  of 
a  quite  short  stem,  which  is  clothed  for  some  distance  below  its 
apex  with  the  remains  of  the  older  withered  leaves.  But  in  some 
genei-a,  e.g.  Calamus,  the  stems  creep  or  climb  and  the  leaves  are 
inserted  at  some  distance  from  each  other.  The  blade  of  the 
leaf  commonly  splits  in  the  course  of  its  growth,  assuming  a  com- 
pound palmate  or  pinnate  form  (see  p.  64).  The  inflorescence 
is  invested  by  bracts  :  there  is  usually  a  large  bract  (spathe)  which 
envelopes  the  whole  inflot*escence  when  young, 
and  other,  inner,  bracts  which  either  partially 
invest  it  or  (when  branched)  its  branches. 

Palms  chiefly  inhabit  the  tropics,  particn« 
larly  the  Moluccas,  Brazil,  and  the  region  of 
the  Orinoco,  and  the  different  genera  belong 
exclusively  (at  least  originally)  either  to  the 
Old  or  to  the  New  World. 

Fam.  1.    Coryphina :  the  gynsBoeam  consists  of  three 

free,  or  bat  slightly  coherent,  carpels  :    fruits  1-3,  bao-  ' 
cate :   the  leaf-segments  are  concave  above.     Phcsnix 
dactyH/era  (the  Date  Palm)  a  native  of  Asia  and  Africa, 

has  pinnatitid  leaves.    Of  the  tbree  ovaries,  one  only  ^^^  ^^^  —Part  of  the 

developes  to  form  the  fruit  which  is  known  as  the  Date ;  paolole  of  macrosporan. 

the  stoue  of  the  Date  consists  of  a  very  thin  testa  en-  giato  flowers  of  ChamaB- 

dosing  the  large  mass  of  hard  endosperm  in  which  the  dorea  :•  the  thick  a«i8;  a 

embryo  is  imbedded.    ChamaropB  humilis  is  a  frequently  ,  ®  external ;  an   p    le 

!*•     *  J                  *i     1     X       iiu*       11-    t                !-•  i  internal  whorl   of    the 

cultivated  ornamental  plant,  with  fan-Uke  leaves,  which  perianth ;  /  ovary  (x  S). 

belongs  to  the  Mediterranean  region. 

Fam.  2.  BorasBina  :  ovary  synoarpons,  trilocalar  at  its  base :  fruifc  1-3 
seeded,  smooth,  drupaceous,  with  hard  endocarp :  leaves  fan-shaped,  the  seg- 
ments concave  above.  To  this  family  belong  Hyplugne  tkehaiea^  the  Donm 
Palm  of  Egypt ;  and  Borcutus  JlabelliformUt  the  Palmyra  of  India  and  Africa. 

Fam.  3.  Lepidocaryiva :  ovary  syncarpoas,  trilocular:  fruit  covered  with 
scales,  enclosing  a  single  seed :  leaf-segments  convex  above. 

Mauritia  is  an  American  genus.  Baphia,  an  African  genus,  bat  occurring 
in  America,  is  one  of  the  few  instances  in  which  a  genus  of  Palms  is  repre- 
sented in  both  the  New  and  the  Old  Worlds  :  from  its  leaves  '*  Baphia-bast " 
is  obtained ;  R.  vinifera  is  the  Bamboo  Palm  from  which  Palm- wine  is  made  in 
Africa.  Metroxylon  (Eu-Sagua)  Rumphii  and  Uevet  growing  in  the  Moloocas, 
are  the  plants  from  which  Sago  is  obtained ;  it  consists  of  the  starch-grains 

Y.  8.  B.  N  M 
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obtained  from  the  parenchjma  of  tbe  tnrnk.  The  stems  of  species  of  Calamus, 
in  the  East  Indies,  sapply  Malacca-oane. 

Fam.  4.  Ceroxylina :  ovary  sjncarpous,  nni-  or  tri-locular :  fruit  a  berry 
(sometimes  8  berries  by  separation  of  the  carpels  after  fertilisation)  or  a  drupe, 
1>8  seeded :  leaves  pinnate. 

Areea  Catechu  (Fig.  852  J)  is  the  Betel-Palm  of  tropical  Asia.  Coeoi  nueifera 
(the  Coco-nut  Palm)  has,  as  is  well  known,  many  uses.  The  fruit  itself  is  a 
gigantic  drupaceous  fruit ;  the  mesocarp  is  traversed  by  an  immense  number  of 
vascular  bundles,  which  are  used  to  make  ropes,  etc.  Inside  the  excessively 
hard  innermost  layer  of  the  pericarp,  the  endocarp,  lies  a  single  large  seed. 
When  the  fruit  is  mature,  the  endosperm  forms  a  layer  only  a  few  millimetres 
in  thioknes^,  which  lines  the  hard  shell ;  the  rest  of  the  space  (the  remaining 
cavity  of  the  embryo-sao)  is  filled  with  fluid,  known  as  coco-nut  milk.  The 
embryo,  wkifih  is  small,  is  imbedded  in  the  firm  tissue  of  the  endosperm,  under 


Fio.  352.— X  Part  of  the  macrosporaiigUte  inflorescence  of  Tliantx  reclinata  (nat.  Bise) : 
JB  8iogle  maorosporan^jate  flower :  C  two  carpels :  D  floral  diagram.  J  Fruit  of  Are^a 
Catechn:  one  half  of  the  fibrous  pericarp  has  been  removed. 

the  spot  where  there  is  a  hole  (corresponding  in  position  to  the  style  of  the 
single  fertile  loculus  of  the  ovary)  in  the  endocarp.  Elai$  guineensis  is  the 
Oil  Palm  of  West  Africa ;  the  mesocarp  of  the  plum-like  fruit  yields  the  oil. 

Fam.  5.  Phytelephantina  :  flowers  dicecious  (Phytelephas)  or  monoecious 
(Nipa) ;  in  the  former  genus,  tbe  9  flowers  have  numerous  staminodes ;  in  the 
latter  the  two  kinds. of  flowers  are  respectively  confined  to  distinct  branches  of 
the  same  spadix,  the  staminate  branches  being  lateral  and  amentoid,  whilst  the 
oarpellary  flowers  form  a  cluster  at  the  apex  of  the  main  axis:  stamens 
numerous  and  free  (Phytelephas),  or  three  connate  (Nipa) :  perianth  sometimes 
absent  (  9  flowers  of  Nipa) :  ovary  syncarpous,  tri-carpellary,  one-seeded  (Nipa), 
or  of  4-9  carpels  (Phytelephas)  with  as  many  seeds. 

These  are  low-growing- Palms,  Nipa  belonging  to  the  East  Indies,  and 
Phytelephas  to  tropical  America :  the  hard  endosperm  of  Phytelephas  is  known 
as  vegetable  ivory. 
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Sub-Class  IL— GLUMIFLORiB. 

Flowers  ambisporangiate  or  monosporangiate  and  then  raostlj 
monoecioas,  nsnallj  in  heads  or  spikelets  invested  hy  imbricate 
bracts :  perianth  absent,  or  seal j :  ovary  superior,  nni-  or  multi- 
locular,  with  one  ovule  in  the  loculus  :  seeds  with  endosperm. 

Cohort  1.     Glumales.     Ovary  unilocular :  ovule  erect. 

Order  1.  Gramikagrs.  True  Grasses.  The  leaves  are  alternate 
on  the  stem,  which  is  known  as  the  haulm ;  the  embryo  lies  on  the 
side  of  the  endosperm  (Figs.  346-7).  The  usually  ambisporangiate 
flowers  generally  have  the  formula  KO,  (70,  -43  +  0,  Gl ;  they  are 
enclosed  by  bracts  here  termed  palefB,  and  are  arranged  in  compli- 
cated inflorescences ;  the  monomerous  unilocular  ovary  contains 
only  one  ovule ;  the  grain  is  the  fruit,  a  caryopsis,  to  which  one 
(the  inferior)  or,  less  commonly,  both,  of  the  palead  8ometime.s 
adhere,  e.g.  Barley  and  Oats. 

The  flower  is  sessile  in  the 
axil  of  a  bract,  which  is 
termed  the  inferior  or  oufer 
palea,  sometimes  also  called 
the  flDiaering-glume  (Fig.  355 
hi,  1)2...),  And  there  is  also  a 
bracteole  opposite  to  and 
somewhat  higher  than  this 
which  is  termed  the  mperior 
or  inner  palea  (Fig.  355  ps), 
the  flower. 

Within  the  inferior  palea  are  usually  two  small  (antero-lateral) 
scales,  the  lodicules  (aometimefl  onlv  a  single  anterior  one. 
Mi^lica).  and  occasionally  (e.g.  Stipa,  some  Bamboseee  Fig.  353  A\ 
there  is  a  third  scale  situated  posteriorly  within  the  superior 
palea.  These  lodicules  are  frequently  regarded  as  rudimentary 
perianth-leaves  (Fig.  353),  but  it  is  more_  probable  that  they 
are  bracteoles,  the  two  an tero- lateral  lodicules  representing  the 
two  halves  oT  a  single  bracteole,  present^  as  such,  in  Melica.^ 
They  grow  and  become  snccalent  at  the  time  of  flowering,  thus 
forcing  apart  the  paleae  and  the  glomes  (Fig.  354).     Usnally  two 


or  more  flowers,  thus  enclosed  by  pale®,  are  present  on  an  axis 
(Fig.  355  aj),  and  constitute  the  spikelct  of  the  Grass,  and  beneath 
the  lowest  flower  there  are  usually  two  (or  more)  bracts  which 


Fro.  S53.  —  Diagrams  of  GmM  floweni.  A 
Bambusa.  B  CommoB  type  of  Gramioacea* 
In  A  there  are  throe,  in  B  two  lodioolea. 

The  two  paleaa  completely  enclose 
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bear  no  flowers  in  tlieir  axils  and  are  known  as  the  glumes  (Fig. 
355  g).  Thus  a  spikelet  consists  of  a  main  axis  bearing  two  rows 
of  bracts  of  which  the  two  first  and  lowest  are  barren,  while  the 
succeeding  ones  bear  each  a  flower  in  its  axil,  and  beneath  each 
flower  there  is  also  a  bracteole  Csupenor  palea)  belonging  to  the 
floral  branch  itself.  The  inferior  paleaa  often  have,  either  at  the 
apex  or  else  borne  on  the  midrib,  a  spinous  process  called  the 
arista  or  avm  (Fig.  355  gr). 

The  number  of  flowers  in  each  spikelet  varies,  however,  according 
to  the  genus  ;  often  there  is  but  one,  the  lowest,  with  rudiments  of 


Fio.  364.— Single-flowered  spikelet  of 
Fanicum  mi/iaceum  (mag.);  C,  and  C, 
eeoond  and  third  glames :  D  inferior 
palea:  £  superior  palea. 


Fio.  365.— A  spikelet  of  Wh^at  dis- 
Mcted  (mag.) :  x  axi«  of  the  spikelet ; 
0  glomes ;  bj  b,  b,  b«  inferior  palete  bear- 
ing {gr)  the  awH ;  b«  is  sterile.  JBi  /).  B, 
the  flowers  raised  (as  indicated  by  the 
dotted  lines)  out  of  the  axils  of  the  in- 
ferior palete ;  ps  superior  palese ;  a  an* 
thers;  /ovaries. 


Dthers  above  it;  if,  however,  only  one  of  the  upper  flowers  is  de- 
veloped, then  the  lower  palese  bear  no  flowers  in  their  axils  and 
are  regarded  as  glumes,  sevei^al  being  therefore  present  in  such  a 
case.  The  spikelets  themselves  are  in  many  genera,  e.g.  Bye  and 
Wheat  (Fig.  356  J5),  arranged  in  two  rows  on  a  main  axis ;  the 
inflorescence  may  then  be  designated  a  compound  spike  (see  p. 
491);  in  most  of  the  other  genera  the  main  axis  of  the  inflor- 
escence bears  lateral  branches  which  are  slender,  of  various  length, 
and  often  branched  again,  and  which  bear  the  terminal  spikelets  ; 
in  this  way  a  panicle  is  formed,  as  in  the  Oat  (Fig.  356  A).  This 
may  be  either  loose  and  spreading,  with  long  lateral  branches,  or 
compressed,  with   very  short   branches,   e,g.    Alopecuros.      The 
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position  of  the  branches  of  the  panicle  is  more  or  leas  bilateral ; 
dorsi ventral,  when  (e.g.  Festaca)  the  branchlets  of  the  main 
branches  of  the  panicle  all  arise  on  the  same  side  (nnilateral  or 
secnnd  panicle). 

The  androecinm  consists  commonly  of  one  (Fig.  353  B)  or  two 
(il)  whorls  of  2-3  stamens ;  when  there  is  bat  one  whorl  of 
^tamens,  it  corresponds  to  the  onter  whorl  in  those  flowers  in 
which  two  whoris  are  present.  SOfttfelimes  (e.gr.  Lnziola,  Ochlandra, 
Pariana)  tne  stamens  are  numeroas  (about  18-20),  or  there  may 
be  but  one  or  two.  When  there  are  normally  only  two  stamens, 
they  are  nsaally  situated  in  the  median  plane  (e.^.  Anthozanthnm), 
sometimes  in  the  lateral  plane  (e.^.  Coleanthus);  bat  where  this 
is  the  result  of  suppression  (Diarrhena,  Orthoclada)  they  are 
postero- lateral,  the  anterior  stamen  being  suppressed  :  when  there 
is  only  a  single  stamen,  this  is  generally  the  anterior  stamen  (e.g, 
species  of  Festuca  and  Andropogon),  the  two  posteix)- lateral 
stamens  being  suppressed. 

The  monomerous  gyneaceum  consists  of  a  single  median  carpel 
(Fig.  353),  bearing  1-3  styles  (see  p.  524) :  the  single,  somewhat 
campylotropous  ovule  is  sessile  on  the  ventral  suture  of  the  carpel. 

The  stem  is  generally  characterised  by  swollen  or  tumid  nodes, 
to  which  the  sheathing  leaf-bases  contribute.  The  long  in  tern  odes 
are  hollow  :  the  sheathing  leaf-bases  are  largely  developed,  and 
frequently  extend  over  several  internodes.  A  membranous  ligule 
is  developed  at  the  junction  of  leaf- base  and  lamina  (see  p.  48; 
Fig.  28). 


The  more  oommon  Grasses  are  classified  as  follows : — 

Series  A,  Panicoideje  :  spikelet  one-flowered,  or  sometimes  two-flowored 
and  then  the  lower  flower  is  imperfect ;  articulated  so  that  it  falls  off  entire 
after  flowering ;  no  prolongation  of  the  axis  beyond  the  flower. 

Tribe  1.  Panieece:  spikelets  dorsally  compressed,  in  compound  spikes: 
glumes  3,  of  which  the  lowest  is  the  smallest :  inferior  palea  without  an  awn. 

Panieum  glabrum  (Digitaria  humifuta)^  P.  (Eehinoehloa)  Crut-gallit  and  P. 
{Setaria)  viride  occur  occasionally  on  cultivated  land.  P.  miliaeeum  yields 
Millet  (Fig.  354). 

Tribe  2.  Ataydea :  the  diclinous  flowers  are  in  distinct  spikelets ;  the  two 
kinds  of  spikelets  usually  form  distinct  inflorescences,  but  sometimes  they  occuf 
io  different  parts  of  the  same  inflorescence :  the  lowest  glume  is  the  largest. 

Zca  Mais,  the  Maize  Plant,  cultivated  in  warm  countries,  is  a  native  of 
Tropical  America :  the  ^  spikelets  form  a  loose  panicle  at  the  apex  of  the 
haulm,  and  the  9  flowers  are  borne  laterally  on  a  thick  spadix,  which  is  en- 
sheathed  by  leaves.     Coix  belongs  to  this  tribe. 


548 


PART   IIL — THE    CLASSIFICATION   OF  PLANTS. 


Tribe  3.  Ainfropnffonfa  :  flowers  monoeoions  or  polygamous :  glnmes  8,  of 
wbich  the  lowest  is  the  largest. 

Saccharum  Officinarum^  the  Sugar-cane,  is  a  native  of  the  East  Indies. 
Andropogon  Sorghum,  in  different  yarieties  {vulgaris^  Durra,  etc.),  yields  a  kind 
of  Millet  seed :  the  flour  of  this  is  known  in  Arabia  and  India  as  Durra. 

Tribe  4.  Oryzea :  spikes  laterally  compressed :  glumes  2-4,  often  represented 
only  by  bristles:  stamens  generally  6.  Oryza  sativa  is  the  Bice-plant,  from 
the  East  Indies ;  cultivated  in  marshy  regions  of  Southern  Europe.  Leer§ia 
oryzoideMy  the  Cut-Grass,  is  found  in  ditches  in  the  South  of  England. 

Series  B,  Fooideje  :  spikelet  one-  or  many-flowered,  with  distinct  internodes 
between  the  flowers :  when  one-flowered,  the  axis  of  the  spikelet  is  prolonged 

beyond  the  flower :  the  ripe  fruits 
fall,  leaving  the  glumes  behind. 

Tribe  5.  Phalaridta :  spike- 
lets  pedicillate  in  panicles,  later- 
ally compressed,  1  •  flowered  : 
glumes  4,  the  inner  pair  being 
smaller.  Phalarin  arundinacea^ 
the  Ueed-Grass,  is  common  on 
the  banks  of  streams,  etc.:  a 
variety  with  white-streaked  leaves 
is  cultivated  in  gardens.  Anthox- 
anthum  odaratum,  Vernal-Grass, 
which  has  only  two  stamens  and 
a  paniculate  inflorescence,  is 
common  in  meadows :  it  gives 
the  peculiar  odour  to  fresh  hay. 
Tribe  6.  AgrosHdea:  spike- 
lets  1-flowered,  in  panicles: 
glumes  2. 

In  Agrostis,  the  Bent-Grass, 
the  axis  of  the  spikelet  is  gla- 
brous, or  it  bears  short  hairs  ;  A. 
vulgaris  and  alba  are  common  in 
meadows:  Apera  Spiea  Vfnti  is 
common  in  fields :  in  Calama- 
grostis,  the  Small  Beed,  several 
species  of  which  occur  on  the 
banks  of  rivers  and  in  woods,  the 
axis  of  the  spikelet  is  covered  with  long  hairs.  Stipa  pennata,  the  Feather- 
Grass,  has  a  loog  hairy  awn.  Milium  efuguni^  Millet- Grass,  without  an  awn, 
is  common  in  woods.  Amongst  the  forms  with  dense  cylindrical  panicles, 
Alopecurus,  the  Fox-tail  Grass,  has  the  glumes  coherent  at  the  base,  and  one 
rudimentary  palea.  Phleum,  the  Cat's-tail  Grass,  has  free  glumes  and  two 
distinct  paleie.    PhUum  prateme  is  commonly  known  as  Timothy-Grass. 

Tribe  7.  Avenea :  the  paniculate,  or  rarely  spicate,  spikelets  consist  of  several 
(uHually  two)  flowers  one  of  which  is  sometimes  ^  ;  the  glumes  (or  one  of  them 
at  least)  are  as  long  as  the  whole  spikelet,  longer  than  the  inferior  palcae,  which 
usually  have  a  long  twisted  or  I>ent  awn. 


"^^^Ia 


Fig.  366.— if  Pmiicle  of  Oat,  Avena  tativa :  •  main 
axis;  fMateral  axes;  a  spikelet  (| nat.  size).  B 
Spike  of  Wheat:  •  axis;  g  the  depressions  in 
which  the  spikelets  (a)  lie.  These  are  removed 
at  the  lower  part. 
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Avena,  the  Oat-Grasfl,  has  loose  panicles,  and  a  two-toothed  inferior  palea ;  of 
this  genus  there  are  many  species  ;  A.  fatwi  (Wild  Oats,  or  Havers),  jrratefi<{« 
and  putteaeent,  are  common  in  cornfields  and  meadows.  The  following  species 
are  cultivated  :  A.  taUvaf  the  Oat  (Fig.  856  A),  with  its  panicles  in  various 
planes;  A,  orientaiUt  •wiib.  Hb  panicles  in  one  plane;  A.  tttrigo^a,  with  a  hairy 
floral  axis;  and  A.  nuda^  the  spikelets  of  which  nsually  consint  of  three  flowers. 
Trisetum  (Avf^a)  flaveseerUf  the  jellow  Oat-Grass,  with  a  free  fruit,  occurs  in 
pastures.  Aira  {Deschampsia)  canpitaia^  and  flex  uosat  Hair-Grasses,  have  truncate 
inferior  palee,  and  are  common  in  meadows  and  woods.  Holcus,  the  Honey- 
Gross,  has  spikelets  consisting  of  two  flowers,  the  upper  of  which  lb  usually  g 
and  the  leaf-sheaths  are  covered  with  silky  hairs ;  it  is  common  in  damp  meadows. 
In  Arrhenatherum,  the  False  Oat-Grass,  the  lower  of  the  two  flowers  is  ^ . 

Tribe  8.  Festucea :  the  spikelets  are  usually  many-flowered,  and  the  glumes 
shorter  than  the  inferior  palee  which  either  have  no  awo  or  a  straight  terminal 
awn.  M^ca,  the  Melic-Grass,  has  sometimes  spikelets  consisting  of  a  single 
flower  only :  the  glomes  are  long ;  it  is  common  in  woods.  MoUnia  ccerul^a  has 
a  very  long  haulm,  consisting  for  the  mokt  part  of  a  single  intemode ;  its  spike- 
lets are  in  loose  purplish  panicles ;  it  occurs  on  moors.  Briza,  the  Quaking- 
Grass,  has  spikelets  which  are  compressed  laterally  and  are  cordate  at  the  base ; 
it  is  common  in  meadows.  KoeUria  crUtata  has  dense  panicles ;  it  is  eommon 
in  dry  meadows.  DaetylU  glomerata,  ihe  Gock's-foot  Grass,  has  dense  pamcles 
divided  into  parts  which  have  longer  stalks;  it  is  oommon  in  meadows.  Poa 
pratensiit  trivialisteie.  (Meadow- Grass),  are  oommon  in  mea^iows;  their  spikelets 
are  compressed  laterally ;  the  glumes  have  a  sharp  keel ;  P.  antma  is  common 
by  the  roadside.  Other  Meadow-Grasses  are  Glyeeria  aqaatiea  and  Jluitans, 
with  obtuse  unequal  glumes,  and  a  lower  palea  with  5-7  prominent  parallel 
veins,  growing  in  ditches  ;  and  SehUrorhloa  maritinta^  dMaru^  etc.,  growing  in 
salt-marshes  apd  by  the  sea-shore,  with  aeute  unequal  glumes.  In  all  the 
Meadow-Grasses,  the  fruit  is  free  from  the  palee.  Fettuca  elatior,  and  others,  the 
Fescue  Grasses,  are  oommon  in  meadows.  Bromus,  the  Brome-Grass,  of  which 
there  are  several  species,  is  eommon  in  flelds  {B.  iecaUnut),  in  meadows  {B. 
racemomM  and  others),  by  the  roadside  (B.  $teril%$  and  moUuY  Braehypodium, 
with  shortly-stalked  spikelets  in  a  simple  raceme,  and  unequal  glumes,  is  common 
in  woods  (B.  aylvoHeum)  and  on  heaths  {B.pinnatum).  In  Phragmites  the 
axis  of  the  spikelet  is  covered  with  long  &ilky  hairs ;  Phragmites  commitnit^  the 
Beed,  occurs  abundantly  in  marshes.  8e*Uria  ccsrulea,  the  Moor-Grass,  has 
laterally  compressed  spikelets  in  dense  panicles.  Gynerium,  the  Pampas- 
Grass,  also  belongs  here ;  it  is  dioecious.  The  upper  flowers  in  the  spikelets 
of  plants  belonging  to  this  tribe  are  often  unisexual,  and  S  ;  Phragmites  is 
peculiar  in  that  the  lower  flower  of  the  spikelet  is  i . 

Tribe  9.  Chluridea :  spikelets  laterally  compressed,  usually  1-flowered,  sessile, 
in  compound  spikes  :  glumes  2.  Cynodon  Dactylon^  the  Dog's-tooth  Grass,  is 
often  abundant  on  waste  ground.    Spartina  $Uicta  occurs  in  salt-marshes. 

Tribe  10.  Uordets :  spikelets  solitary,  or  2  or  3  together,  1-  or  many-flowered, 
situated  in  depressions  on  the  main  floral  axis  nearly  always  in  two  opposite 
rows,  forming  the  so-called  spike:  glumes  1-2.  In  Lolium,  the  Bye-Grass 
(L.  perenne.  Darnel,  is  common  everywhere),  the  posterior  surface  (that  is,  the 
middle  line  of  the  posterior  glume)  is  directed  towards  the  main  axis,  and  this 
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glume  is  usually  nidimentaiy.  In  all  tbe  other  genera  the  side  of  the  spikelet 
is  directed  towards  the  main  axis,  and  there  are  two  glnmes.  In  Agopyram,  the 
paleiB  adhere  and  fall  off  with  the  fralt :  A.  repent,  the  Couoh-Grass,  ia  common 
everywhere,  and  is  a  troublesome  weed  on  accoant  of  its  spreadiog  rhizome. 
Ht title  eereaU,  the  Bye,  has  2- flowered  spikelets  and  narrow  awl-shaped  glumes. 
In  Nardtit  ttricta,  the  Mat-Grass,  the  two  rows  of  spikelets  oonyerge  laterally ; 
the  glumes  are  rudimentary ;  there  is  but  one  stigma ;  the  leaves  and  haultns 
are  rough  ;  it  grows  on  moors.  Triticum,  the  Wheat,  has  8*  or  more  flowered 
spikelets,  with  ovate  glumes.  Three  species  are  cultivated,  T.  mon-'eoccuiit 
r.  sativum^  and  T.  polonieum ;  in  the  first  species  the  terminal  spikelet  is  abortive. 
The  following  varieties  of  T.  eativum  are  cultivated ;  T.  vulgare,  the  common 
Wheat,  with  long  glnmes,  which  have  no  keel,  and  T.  turifidnm,  English  Wheat, 
with  short  keeled  glumes;  7.  eompaetum,  the  Dwarf  Wheat,  with  short,  stout 
spikelets ;  and  T.  durum,  the  Hard  Wheat,  known  by  its  long  rigid  awns ;  all 
these  varieties  have  a  wiry  floral  axis  (hence  sometimes  described  as  T.  sativum 
te/iax),  and  the  fruit  easily  falls  out  of  the  glumes,  and  in  all  but  7*.  durum  there 
are  awned  and  nn-awned  (beardless)  forms :  T.  Spelta,  the  Spelt,  which  has  an 
almost  quadrangular  spike,  and  T.  dieoccum,  with  a  compact  spike,  have  a  brittle 
floral  axis,  and  the  fruit  is  firmly  enclosed  by  the  glnmes.  In  all  the  species 
the  length  of  the  awn  varies  very  much.  Hordeum,  the  Barley,  has  3  single- 
flowered  spikelets  inserted  togetlier  in  one  depression  on  the  floral  axis.  H. 
murinum  is  common  on  the  roadside  and  on  walls.  The  following  varieties  of 
H.  Bativum  are  cultivated :  H.  vulgare  and  H.  hejastichum,  with  only  fertile 
spikelets ;  in  the  latter  species  the  spikelets  are  all  equally  distant,  and  are 
therefore  arranged  in  six  rows  ;  in  the  former  species  the  median  spikelets  are 
nearer  together,  and  the  lateral  ones  more  distant,  so  that  they  are  described  as 
being  in  four  rows :  further,  H,  dutiehum  is  the  two<rowed  Barley,  the  lateral 
spikelets  of  which  are  ^ ,  so  that  the  fruits  are  arranged  in  two  rows.  The 
fruit  usually  adheres  to  the  palea ;  the  embryo  has  no  epiblast.  The  genus 
ElyMUB,  the  Lyme-Grass  {E.  arertarius,  British)  belongs  to  this  tribe,  as  also 
Panana,  a  tropical  genus  remarkable  for  its  numerous  stamens. 

Tribe  11.  Bamhusea :  spikelets  2-  or  many-flowered,  rarely  1-flowered,  in 
racemes  or  panicles,  clustered  at  the  nodes  of  the  branches  of  the  inflorescence : 
glumes  2  or  many,  becoming  larger  upwards,  but  shorter  than  the  nearest  palea 
(see  Fig.  853  A) :  stamens  generally  6.  Large  Grasses,  known  as  Bamboos, 
having  perennial  aerial  shoots  with  often  shoi*tly  petiolate  leaves,  growing  moetly 
in  the  Tropics.     The  most  familiar  genera  are  Arundinaria  and  Bambusa. 

Order  2.  CyPERACEiB.  The  leaves  are  arranged  in  three  rows 
on  the  stem  :  perianth  0,  or  of  3-6  or  more  bristles  or  scales  :  the 
androecinm  consists  tjpicallj  of  two  trimerous  whorls,  though  one 
whorl  (the  inner)  is  absent  in  some  genera :  the  gynsBcenm  is 
typically  trimerous,  though  it  is  sometimes  dimerous :  ovary 
unilocular:  ovule  erect,  anatropous;  the  embryo  is  enclosed  in 
the  endosperm. 

Tribe  1.  Seirpoidea :  flowers  ^  ;  perianth  0,  or  of  bristles :  glumes  disti- 
chous :  the  t>dd  carpel  is  anterior.    The  spikelets  are  often  arranged  so  as  to 
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fonn  spikes,  panicles,  umbels,  or  eapitala :  the  flower  has  the  formula 
JTB,  C3,  Ad+0  or  3,  G«. 

Gyperus,  the  Galingale,  has  many-flowered  compressed  spikelets  with 
deciduous  bracts  or  glumes :  Schoenns,  the  Bog-Bush,  has  few-flowered  (1-4) 
spikelets  with  persistent  glumes :  C,  longus  and  fuseitij  and  S,  nifjriean»f 
occur  in  England.  Cijperm  Papyrnt  {Papijtus  Antiquorum)  is  an  Egyptian 
species  from  which  the  Papyrus  of  the  ancients  was  made. 

Soirpus,  the  Club-Bush,  has  a  bristly  perianth,  cylindrical  spikelets,  and  the 
glumes  are  imbricate  on  all  sides ;  in  some  species  the  spikelets  are  solitary, 
as  in  Scirput  easpitottts,  in  others  there  are  lateral  spikelets,  in  addition,  on 
short  stalks,  as  in  S.  lacustrU  (the  true  Bulrush),  or  on  long  stalks,  as  in  S, 
sylvatieui,     Eriophorum  polyitaehium   and   other  species    (Cotton-grass)  are 


Tie.  367. — A  Flower  of  8cirpo«  (magnified): 
pthe  bristly  perianth ;  a  the  three  sUmenB; 
/  the  oyary:  n  the  three  stigmiita.  B  Its 
floral  diagram. 


Fio.  368.— Flower  of  Carex  (mag.). 
A  9  flower  with  (b)  bract  (giume);  • 
second  bract  (utricaliu);  /  ovary;  a 
stigma.  B  6  flower  :  «i  the  three 
Bttimens ;  a  anthers.  C  Diagram  of  the 
9  and  (D)  of  the  S  flower :  r  axis  of  the 
spike ;  h  bract  (glume) ;  •  second  bract. 


common  on  boggy  moors ;  the  hairs  of  the  perianth,  after  flowering,  grow  to  a 
con>i<lerable  length. 

Tribe  2.  Carieoidta:  spikelets  cylindrical;  flowers  monosporangiate ; 
perianth  0. 

These  plants  have  diclinous  (sometimes  direcions)  flowers.  In  the  genus 
Carez  the  ^  flowers  have  the  formula  KO,  CO,  ^3-f-O,  GO;  they  are  situated  in 
the  axils  of  bracts  (glumes)  (Fig.  358  B  and  D)  and  form  simple  spikes.  The  $ 
flowers  have  the  formula  KO,  CO,  ^0+0,  G^  or  (!l  and  are  not  sessile  in  the 
axils  of  the  glumes  (6  in  Fig.  358  A  and  C),  but  a  short  branch  springs  from 
the  axil  of  each  of  these  leaves  bearing  a  second  bract  (« in  the  Fig.)  and  it 
is  in  the  axil  of  this  second  bract  tbat  the  9  flower,  which  consists  of  a 
trimerous,  or  more  rarely,  dimerous  (in  Carex  dioica  and  pulicariSt  etc.)  ovaiy, 
is  situated.  The  second  bract  increases  greatly  and  invests  the  fruit  (and  the 
short  branch  which  sometimes  projects  beyond  the  fruit  as  a  seta)^  forming  the 
so-called  utricuUu  :  this  structure  has  been  regarded  as  a  perianth,  and  termed 
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the  perigtjnium.  In  Kobresia  (Elyna)  tho  second  braot  is  not  tubniar,  and 
therefore  does  not  completely  invest  the  ovary.  In  consequence  of  there  being 
a  second  bract,  the  odd  carpel  of  the  trimeroas  gyn»ceam  is  posterior :  when 
the  gynaaceum  is  dimerous,  the  two  carpels  are  lateral. 

The  genus  Carez,  the  Sedge,  contains  numerous  species  which  grow  mostly 
in  damp  localities ;  they  have  stiff  leaves  with  sharp  or  saw  like  edges.  Only  a 
few  of  them  are  dioBcious  (C  dioiea,  scirpoidea) :  in  most  the  i  and  $  in- 
florescences occur  on  the  same  axis.  In  one  large  section  of  them  the  two 
kinds  of  flowers  occur  on  the  same  spike  which  is  either  ^  at  the  base  and  $ 
at  the  top,  or  vice  vertd.  When  this  is  the  case  the  axis  bears  either  only  one 
terminal  spike,  as  in  Carex  pulicarit  and  C.  paueiflora,  or  several  spikes 
forming  a  capitulum  at  the  apex,  as  in  (7.  eyperoide$f  or  a  spike  or  a  panicle, 
as  in  C  murieata^  arenariat  and  paniadata.  In  a  second  section,  on  the  other 
hand,  each  spike  is  monosporangiate,  and  then  the  ^  spike  is  almost  always 
terminal  on  the  axis  and  the  $  lateral,  as  in  Carex  acuta,  glauca,  pracox, 
digitata,Jlava,  and  paludosa. 

Cohort  2.  Restiales.  Ov&ry  usaallj  mnltilocnlar ;  a  single 
ortbotropoas  and  suspended  ovnle  in  each  locnlns ;  hence  in  the 
seed  the  radicle  of  the  embryo  is  directed  away  from  tbe  bilum 
(enantioblastic).  Flowers  monosporangiate,  rarely  ambisporangiate, 
witb  bracts  :  floral  formula  /C3,  C3,  ^3  +  3,  (j(3),  but  occasionally 
some  of  the  members  are  wanting. 

Order  1.  ERioCAULONACEiE.  Flowers  monosporangiate,  in 
capitala,  often  monoecious  in  tbe  same  capitulum,  or  rarely 
dioecious :  stamens  generally  in  two  whorls,  antbers  generally 
bilooular :  ovary  2-3-locular  :  seed  ribbed. 

Eriocaulon  s^tangnlare,  the  Jointed  Pipewort,  occurs  in  the  Hebrides  and 
on  the  west  coast  of  Ireland  :  other  genera  mostly  tropical :  generally  marsh- 
plants. 

Order  2.  RESTiACEiB.  Flowers  usually  dioecious  by  suppression, 
in  spikes :  only  the  inner  whorl  of  stamens  is  present,  anthers 
frequently  bilocular :  ovary  1-3-locular :  seed  smooth  or  tubercu- 
late. 

These  are  grass-like  sub-tropical  plants  living  in  the  southern  hemisphere. 
This  order  includes  the  group  Centrolepidaoeie  (Desvauxiaoeie,  Lindl.) ;  in  these 
the  perianth  is  much  reduced,  the  3  flower  probably  has  only  one  stamen,  and 
the  $  one  or  more  monomerous  ovaries. 


GROUP  IV. — PHANEBOGAMIA  :   AiiGlOSPERM^  :    MONOCOTYLEDON ES.   553 

Sub-Class  III.    PETALOIDE^. 

Flowers  ambisporangiate,  rarely  monosporangiate ;  perianth 
rarely  wanting,  usually  biseriate,  the  corolla  usually  petaloid,  and 
sometimes. the  calyx  also. 

SERIES  I.    HYPOGYNiE. 

Ovary  superior. 

Sub'Series,     ApocarpcB, 

GynsBceum  more  or  less  completely  apocarpous. 

Cohort  1.  Alismales.  Marsh-  or  water-plants  ;  flowers  fre- 
quently monosporangiate  ;  seeds  without  endosperm. 

Order  1 .  NAiADACEiE.  Perianth  0,  or  of  2-4  segments ;  stamens 
1-4  :  ovaries  1-4,  with  usually  a  single  erect  or  suspended  ovule. 
Water- planks. 

Fam.  1.    Naiadea.    Flowers  monosporangiate. 

In  the  genius  Naias  the  flowers  are  solitary  or  in  spikes,  and  are  dioecioas : 
perianth  of  one  or  two  gamophjUous  series :  $  flowers  with  1  stamen,  9  flowers 
with  1  carpel :  ovule  erect,    ti,  ftexilii  is  the  only  British  species. 

Fam.  2.    Zotterea,    Flowers  monosporangiate. 

In  Zostera,  the  Grass- wratek,  the  flowers  are  monocious,  and  without  a 
perianth ;  they  are  borne  in  two  rows  on  one  side  of  a  flattened  spike ;  stamen 
1,  carpel  1.  Zottera  marina  and  nana  are  the  British  species  living  in  the 
brackish  water  of  estuaries.  Phyllospadix,  a  North  American  (west-coast)  genus, 
also  belongs  to  this  family  :  it  is  dioecious. 

Fam.  8.    Zanmchelliea,    Flowers  monosporangiate. 

In  Zannichellia,  the  Horned  Pundweed,  the  monosporangiate  flowers  are 
monaoious,  and  are  solitary  or  in  spikes :  S  flower,  perianth  0,  stamen  1 ;  $ 
flower,  perianth  bell-shaped,  carpels  4-6.  Z.palwttris  is  the  only  British  species. 
Altbeuia,  the  other  genus,  is  sometimes  dicecious. 

Fam.  4.  Oyinodocea,  Marine.  Flowers  monosporangiate,  dioecious :  perianth 
0 :  ^  flower  consists  of  two  connate  stamens ;  Q.  flower  of  two  adjacent  mono- 
merous  ovaries,  each  bearing  a  style  whioh  branches  into  two  stigmata ;  ovule 
single,  suspended,  ortbotropous. 

To  this  family  belongs  the  genus  Cymodocea  (with  the  sub-genera  Phu- 
cagrostis,  Physoschoenus,  and  AmphiboUs) ;  widely  distributed  on  tropical  and 
sub-tropical  sea-coasts. 

Fam.  5.  Posidoniew.  Marine.  Flowers  monosporangiate,  sometimes  $ ,  in 
cylindrical  compound  spikes,  the  upper  flowers  of  whioh  are  ^  :  perianth  0 :  the 
^  flower  consists  of  3  stamens,  the  $  flower  of  a  single  carpel. 

To  this  famUy  belongs  the  siugle  genus  Posidonia ;  P.  oceanica  inhabits  the 
shores  of  the  Mediterranean.  P.  au*trali«  the  shores  of  temperate  Australia,  In 
Zostera,  Posidonia,  and  Cymodocea,  the  pollen  is  filiform  or  confervuid  (eee  p.  520j. 

Fam.  6.    Potamogetonece.    Flowers  $  . 
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formula  ITS,  03,  -43  +  0,  G^;  anthers  extrorse ;  ovarj  nsuallj 
unilocular,  with  parietal  placentation. 

These  plants  (Xyris,  Abolboda)  inhabit  swamps  in  tropical  or  sub-tropioal 
regions. 

Order  2.  Commelynace^.  Herbaceous  plants ;  general  floral 
formula  KS,  C3,  -43  +  3,  G~,  but  the  number  of  stamens  varies  in 
the  genera ;  anthers  usually  introrse  ;  ovary  usually  trilocular. 

These  are  mostly  tropical  plants.  Species  of  Commelyna  and  Xradescantia 
are  cultivated  as  ornamental  plants. 

Cohort  2.  Liliales.  Perianth  homochlamydeoas,  usaally 
petaloid ;  seeds  with  endosperm ;  general  floral  formula  2C3,  C3, 
ij3  +  3,  OT. 

Order  I.     Liliacej:.      The  flowers   conform  generally   to  the 

above  formula,  but  3  is  replaced  sometimes  by  2  or  4:  they  are 

not   zygomorphic :  endosperm   oily ;  fruit  a  capsule  or  a  berry. 

Mostly  rhizomatous   or   bulbous   plants : 

rarely  trees  or  shrubs. 

Sab-order  1.  Lilioidea,  with  a  locnlicidal  cap- 
sule, introrse  anthers,  and  united  styles.  Bulbous 
plants. 

The    family    TtiVpea    includes    the    following 
genera :  Lilium,  Fritiliaria,  Talipa,  Erythronium, 
Doydia,  Calochortus  (with  septicidal  capsule). 
Fio.  3P2.  -  Flower  of  the  ^^^^  ^^""'^^  *'®  cultivated.     Lilium  eandidum 

Hyiicinth  :  aaa  the  three  ^  '1*®  ^'l^^te  Lily ;  L.  hnlhiferum,  producing  bulbils 
outer ;  i  i  the  three  inner  in  the  axils  of  the  upper  leaves ;  L.  Martagon, 
seKments  of  the  perianth.  the  Turk's  Cap  LUy  ;  L.  tigrlnum,  the  Tiger-Lily  ; 
which  is  tabular  at  the  lower  j^  speciosum,  auratum,  etc.  FriHUaria  imperialiM 
part  (nat.  size).  i-  i  »  r 

is  the  Crown  Imperis],  the  flowers  of  which  are 

surmounted  by  a  crown  of  leaves.  Tulipa  Gesneriana  is  the  Tulip.  Erythron- 
turn  Dens-Canis  is  the  Dog- Tooth  Violet.  Calochortus  is  the  Mariposa  Lily  of 
California.  The  following  occur  wild  in  Britain :  Lilium  Martagon ;  2'nlipa 
eylvestriSt  wild  Yellow  Tulip  ;  Fritiliaria  MeleagrUt  the  Snake's  Head  ;  Lloydia 
serotinfi. 

The  Seillta  includes  the  following  genera  amongst  others:  Galtonia, 
Hyacinthus,  Musoari,  Chionodoxa,  Lachenalia,  etc.,  in  which  the  seg- 
ments of  the  perianth  cohere  more  or  less  (Fig.  362);  Scilla,  Camassia, 
Omithogalum,  etc.,  with  free  perianth-leaves.  The  following  occur  wild  in 
Britain :  Hyacinthus  non-seriptuif  the  Blue  Bell ;  Muscari  ra^emosum^  the 
Grape  Hyacinth;  Scilla  verna  and  autumnalis  ;  Omithogalum  nufaru,  the  Star 
of  Bethlehem. 

Sab-order  2.     Melanthioides  or  Colchicoidea,  with  a   usually  septicidal 
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papsale,  asoally  extroree  anthers,  and  separate  styles.  Mostly  rliizomatons 
plants. 

Not  m%ny  genera  are  common  in  cultivation ;  among  these  Gloriosa,  Uvalaria, 
and  Veratrum  may  be  mentioned ;  Veratrum  album  and  nigrum  have  broad 
ovate  leaves. 

To/Uldia  paluMtriif  the  Scottish  Asphodel,  has  ensiform  radical  leaves ;  the 
flowers,  which  are  pale  green,  are  disposed  in  a  raceme  on  a  scape ;  it  occurs 


Pi«.  363.— The  andergroimd  part  of  a  flowering  plant  of  Colchicum  anlumnnle.  A  Seen 
in  front ;  k  the  conn  :  b*  h"  cataphjUary  leaves  embracing  the  floirer-stalic ;  irh  its  base, 
from  which  proceed  the  roots*,  w.  fi  Longitudinal  section :  X  h  a  brown  membrane  which 
envelops  all  the  underground  parts  of  the  plant;  $t  the  flower  and  lear-stalic  of  the 
previous  year  which  has  died  down,  its  swollen  basal  portion  (k)  only  remaining  as  a 
reservoir  of  food-materials  for  the  new  plant  now  in  flower.  The  new  plant  is  a  lateral 
»bootfrom  the  base  of  the  corm  {k),  oonRisting  of  the  axis,  from  the  base  of  which  proceed 
the  roots  (tc),  and  the  middle  part  of  which  (fc')  swells  up  in  the  next  year  into  a  corm.  the 
oM  corm  (Jb)  disappearing  ;  the  axis  bears  the  sheath-leaves  («  s'  a")  and  the  foliage-leaves 
(I'  r) ;  the  flowers  (b  h')  are  placed  in  the  axils  of  the  uppermost  foliage -leaves,  the  axis 
itself  terminating  amongst  the  flowers.    (After  Sachs.) 
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in  Sootlftnd,  in  wet  places  on  monntains,  bat  it  is  rare.  Nartheciumottifragum^ 
the  Bog-Aspbodel,  somewhat  roseoibles  Tofieldia,  bat  the  flowers  are  yellow 
and  the  capsule  is  localioidal;  common  in  Scotland  and  in  the  north  of 
Eugland. 

Tbe  Colchic^a  are  balbous  plants  and  have  introrse  anthers.  Colehieum 
autuMuale  is  the  Autamn  Crocus  or  Meadow  Saffron ;  when  it  is  flowering  in 
the  autamn,  the  stem  is  underground;  it  is  at  this  time  short  and  slender 
(Fig.  363  h')t  attached  laterally  to  the  corm  of  the  previous  jear's  growth  (k), 
and  bears  a  few  imperfectly  developed  leaves  (V  I")  as  well  as  one  or  two  flowers 
(W  b') :  the  ovaries  of  the  flowers  are  also  subterranean ;  the  six  leaves  of  the 
perianth  cohere  and  form  a  tube  of  some  centimetres  in  length,  which  grows 
far  beyond  the  ovaries  and  above  the  surface  of  the  soil,  terminating  in  a 
petaloid  six  partite  limb;  the  stamens  are  attached  in  tlie  upper  portion  of 
the  tube.  In  the  spring  the  underground  stem  swells  at  its  base  {hr)  into  a 
corm,  and  grows  upwards,  so  that  the  developing  leaves  (V  l")  and  the  capsule 
rise  above  ground ;  a  lateral  shoot  is  formed  at  its  base,  which,  in  the  autamn, 
produces  flowers,  and  this  repeats  the  process. 

Sub-order  3.  Asphodsloiobjb  ;  rhizomatous  plants,  with  nsnally  radical 
leaves,  but  the  leaves  are  sometimes  borne  on  an  aerial  rarely  branched  stem ; 
inflorescence  usually  a  terminal  spike  or  raceme:  perianth-leaves  free  or 
connate ;  anthers  introrse  ;  fruit  capsular. 

Asphodelus,  Eremurus,  Antbericum,  Ghlorophytum,  Bowiea.  Hemerocallis, 
Phormium  (Phortnium  tenax  is  the  New  Zealand  Flax),  Kniphofia,  Aloe, 
Oasteria,  and  Xantborhasa  are  cultivated.  The  only  British  species  is  SimethiM 
bicolor  in  tbe  south  of  England. 

Sub-order  4.  Allioioea  ;  generally  bulbous  plants :  inflorescence  nmbellate. 
more  or  less  completely  enclosed  by  two  or  more  bracts. 

Agapanthus,  Nothoscordum,  Milla,  Brodifca,  and  Allium  are  the  more  com- 
monly cultivated  genera.  Of  Allium,  several  species  are  in  cultivation  for 
culinary  pui^Odes,  as  A.  Cepa,  the  Onion;  A.  atealonicum,  the  Shalot ;  A 
Sehoenoprasum,  Chives;  A.  Purruin,  the  common  Leek;  A.  tativum  {vulgare). 
Garlic.  Some  species  (Wild  Garlic)  are  wild  in  Britain,  such  as  A.  oUraceum^ 
vineale,  urBuiuin,  and  triqnetrum  in  Guernsey.  The  leaves  of  the  various 
species  of  Allium  are  generally  tubular  and  hollow ;  the  flowers  are  disposed 
in  spherical  heads  or  umbels ;  bulbils  are  occasionally  produced  among  the 
flowers.     Gagea  lutea  is  also  British. 

Sub-order  5.  Dbacamoidba.  stem  erect,  usually  arborescent,  with  secondary 
growth  in  tbickness  (see  p.  205). 

Species  of  Yucc-a  are  commonly  cultivated  in  gardens;  Cordyline  and  Dasy- 
lirion  in  greenhouses.  Dracana  Draco  is  the  Dragon's  Tree  of  the  Canary 
Islands,  yielding  a  red  gum-resin  (Dragon's  blood). 

Sub- order  6.  Asparaooidea,  with  a  subterranean  rhizome  bearing  aerial 
leafy  litems :  fruit  baccate. 

AMparagus  officinalis  is  the  Asparagus ;  the  young  shoots,  which  spring  from 
the  underground  rhizome,  are  eaten.  Convnllaria  mnjalu  is  tbe  Lily  of  the 
Valley.  Maianthemum  bifolium  has  a  dimerous  flower.  Polygonatum  is 
Solomon's  Seal.  Rubcum  aculeatuM  (the  Butcher's  Broom),  and  other  species, 
are  small  shrubs,  with  leaf-like  branches  (phylloclades,  see  p.  45),  on  which 
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the  diclinous  flowerB  are  borne  in  the  axils  of  minate  leaves.  Paris  quadrifolia 
(Herb  Paris)  is  poisonous :  the  flowers  are  tetrameroas,  or  exceptionally  tri- 
merous  or  pentamerous :  they  are  terminal,  and  the  stem  beneath  bears  four 
(or  three  or  five)  leaves  in  a  whorl  beneath  the  flower  (Fig.  364) ;  the  venation 
of  the  leaves  is  reticulate.  Trillium,  the  Wood  Lily,  ia  frequently  cuUivated. 
Aspidiitra  lurida  is  the  Parlour  Palm. 

Maianthemum  bifoliumf  Parit  quadrifolia,  Brucus  aeulfatut,  Convdllaria 
majalis,  Polygonaium  verticillatum,  mtUtiJlorum,  and  officinale,  are  wild  in 
England. 

Sub-order  7.    Sh iLiU3on>xs,  sorambling  shrubs,  having  8-5  ribbed  leaves  with 
reticulate  venation.  The  roots  of  species 
of  Smilax  constitute  Sarsaparilla. 

The  other  sub-orders  are :  Ophiopo- 
ooNoiDEA,  of  which  Ophiopogon  and 
Sansevieria  are  the  more  familiar 
genera:  Alstboidsjb,  Aletris  (Star- 
Grass)  cultivated  in  gardens:  Luza- 
BiAooiDBs,  Lapageria  cultivated  in 
greenhouses. 

Order  2.  Jukcacb*.  Floral 
formula,  Z3,  C3,  A^  +  3,  6?^r,. 
Plants  of  a  grass-like  aspect; 
they  difEer  from  the  preceding 
order  in  the  dry  and  glumaceoas 
character  of  the  perianth,  and 
in  the  starchy  endosperm.  The 
leaves  are  linear  or  tabular ; 
the  inflorescence  is  an  anthela  (see  p.  493). 


Fxe.  S64.— Diagram  of  the  flower  of  Pbrit 
guodn/olia ;  I  the  foliage-leaves;  ap  the 
ooter ;  tp  the  inner  whorl  of  the  perianth ; 
oa  outer;  ia  inner  whorl  of  atamona. 
(After  Sachs.) 


The  species  of  Luzula,  which  has  a  unilocular  three-seeded  ovary,  muWfiora 
pilo$a,  camptBtriiy  and  sylvatica,  are  common  in  woods  and  on  heaths.  Juncut 
has  a  trilooular  many-seeded  ovary ;  plants  of  this  genus  are  called  Bushes ; 
J.  glauau  and  effasm  have  a  tubular  stem  and  leaves,  and  a  terminal  in- 
florescence which  is  displaced  laterally  by  a  tubular  bract  which  appears  to  be 
a  prolongation  of  the  stem ;  they  are  common  in  wet  fields ;  J.  bufoniut,  by 
waysides. 

Order  3.  Pontedeeiace-S.  Water-plants  of  tropical  America, 
witli  an  irregular  zygomorphic  petaloid  perianth :  in  other  respects 
they  resemhlo  the  LiliacesB. 

The  commoner  genera  are  Pontederia  and  Eichhomia:  Eichhcmia  azurea 
and  crassipeB  are  frequently  cultivated  as  hot-house  aquatics. 


V.  8.  B. 
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BEBIES  n.    EPIGTNiB. 
Ovary  inferior. 

Coliori  1.  Hydrales.  Order  1.  HTDKOCHABiDACEiE.  The  in- 
floresceuce  is  at  first  enclosed  in  a  spathe  formed  of  a  single  bract, 
or  more  commonly  of  two  connate  bracts.  The  fiowera  have  a 
perianth,  the  inner  whorl  being  petaloid,  and  nsaally  conform  to 
the  monocotyledonons  type,  bat  with  pleiotazy  in  the  andrce- 
cium  and  gynsBcenm ;  formala  iiS,  C3,  -43  +  3  + ,  G-  (» 4.  ...).■  The 
flowers  are  nsaally  monosporangiate  and  dicecions ;  the  $  flowers 
have  staminodia ;  the  ^  flowers  have  no  gynsBcenm  but  an  in- 
creased namber  of  whorls  in  the  andrcecinm.  Seeds  generally 
numerous ;  withoct  endosperm.     Water-plants. 

Fam.  1.  HydriUea.  Ovary  nnilooular.  Stem  elongated,  with  whorlB  of 
small  leaves. 

Elodea  {Anaeharit)  eanadetutu  eame  originally  from  North  America  and  has 
Bpread  in  oor  waters  bo  as  even  to  impede  navigation  in  cani^s. 

Fam.  2.     ValHmeriea,    Ovary  unilooolar.    Stem  short,  with  crq^ed'leaTes. 

VaUisneria  t]^rali*  inhabits  the  lakes  and  ditches  of  the  warmisr  parts  of 
Earope.  The  leaves  are  long,  narrow,  and  linear.  The  9  flowers  are  raised 
above  water  on  long  peduncles ;  the  3  inflorescences  break  away  from  their 
peduncles  and  float  about  on  the  water  to  fertilise  the  $  flowers ;  the  froifi 
ripens  under  water. 

Fam.  8.    Halophilea,    Perianth  of  outer  whorl  only ;  ovary  untlocalar. 

Submerged  marine  plants,  forming  the  single  genus  Halophila. 

Fam.  4.  Stratiotea.  Ovary  6-  (or  more)  chambered:  Stem  short,  with 
crowded  leaves. 

Stratiotet  aloidei  (Water-Boldier)  has  stiff  narrow  leaves.  Hydrocharit 
Moniu  Rana  is  the  Frog's  Bit ;  the  plant  is  small  and  floats  on  the  water, 
with  small  roundly-cordate  leaves. 

Cohort  2.  Dioscoreales.  Flowers  regular :  floral  formula  KS, 
C73,  -43  +  3,  6?  ^ :  fruit  a  berry  or  a  capsule :  endosperm  oily. 

Order  1.  Dioscoeeacbjc.  The  ovary  is  trilocular,  with  one  or 
two  ovules  in  each  loculns :  the  flowers  are  monosporangiate  and 
dioecious.  They  are  climbing  plants,  with  twining  stems,  haying 
large  abovo-  or  under-ground  tubers,  and  usually  triangular 
leaves  with  reticulate  venation. 

Dioteorea  ioiiva,  Batattu  and  others,  known  as  Tarns,  are  largely  caltivated 
in  tho  tropics,  their  tuberous  roots  yielding  a  food  rich  in  starch.  Tannu 
eommuni$,  the  Black  Bryony,  is  common  in  England. 

Order  2.     Taccacex.     The  ovary  is  nnilocular  and  makinyHBeeded. 
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The  flowers  are  5  •    They  are  tropical  herbs,  and  the  leaves  which 
spring  from  the  subterranean  rhizome  have  reticulate  venation. 

Order  3.  Bkomeliace^.  Z3,  C3,  AS  +  S,  O  (3).  The  ovary  i» 
superior,  inferior,  or  semi-inferior,  triiocular,  with  many  seeds. 
Perianth  heterochlamydeous.  The  leaves  are  asually  long  and 
narrow,  sharply  serrate ;  the  stem  is  generally  very  short.  The 
flowers  are  $ ,  and  form  spikes  or  panicles  with  bracts. 

Ananat  iativa  is  the  Pine-apple.  The  fruit  is  a  berry,  and  the  berries  of 
each  infloreseenoe  coalesce  into 
a  spurious  fruit  (sorosis),  above 
which  the  axis  of  the  in  florescence 
extends  and  bears  a  crown  of  leaves 
(Fig.  365;  see  p.  528).  In  a  sUte 
of  cultivation  the  berries  contain 
no  seeds.  It  is  a  native  of  America, 
and  in  cultivated  in  all  warm  conn- 
tries  and  in  bot-houses. 

Cohort  3.  Amomales 
(ScitaminesB).  The  flowers 
are  irregular,  zygomorphic  or 
asymmetrical :  general  for- 
mula, >|r  X3,  C3,  AS  +3,  G-|5„ 
occasionally  with  a  great 
rednction  in  the  androecinm. 
Perianth  wholly  peialoid,  or 
clearly  heterochlamydeous : 
ovary  usually  triiocular  : 
fruit,  a  capsule  or  a  beiTy. 
Usually  no  endosperm,  but 
abundant  perisperm.  They 
are  tall  herbaceous  plants; 
the  leaves  are  large  and  have 
pinnate  venation. 

Order  1.  MusACEiE.  >|<  Z3,  C3,  ^3  +  2  f  1  or  0,  0^^.  Flower 
dorsiventral ;  the  anterior  external  member  of  the  petaloid  perianth 
is  usually  very  large,  and  the  posterior  always  very  small.  In  the 
family  Museae  the  odd  sepal  is  anterior ;  the  sepals  are  usually  free, 
as  are  also  the  petals  in  Ravenala;  but  in  Strelitzia  the  two  lateral 
petals  are  connate,  and  in  Musa  the  five  anterior  members  of  the 
perianth  arc  connate,  forming  a  tube  which  is  open  posteriorly  : 
the  posterior  stamen  is  sterile  or  absent,  and  the  others  are  not 
always  fertile.     The  flower  of  the  family  HeliconiesB  differs  from 


Fi0. 365.— Fmlt  of  the  Pine-apple  (redaced). 
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this  type  in  that  the  odd  sepal  is  posterior,  and  the  abortive 
posterior  stamen  belongs  to  the  onter  whorl.  Seeds,  one  (Heli- 
conia),  or  many,  in  each  locnlns,  without  endosperm.  Thej  are 
all  shrubs  of  colossal  growth,  with  enormously  long  leaves :  the 
flowers  are  usually  arranged  in  spicate  inflorescences  in  the  axils 
of  large  and  often  coloured  bracts ;  sometimes  several  flowers 
spring  from  the  axil  of  one  bract. 

Mtua  paradUiaea  (Plantftin),  M.  SapientHm  (Banana),  and  M,  EnteU  are 
natives  of  the  tropics  of  the  Old  World ;  the  two  former  are  now  distributed 
throughout  America  and  applied  to  a  great  variety  of  purposes ;  the  fruit,  which 
ia  of  the  nature  of  a  berry,  is  an  article  of  food,  and  the  vascular  bundlen  are 
used  for  making  textile  fabrics.  The  other  genera  are  Bavenala,  Strelitzia, 
Heliconitf. 


Fie.  306.— Diagram  of  flower  of  Musa.     Fio.  367.— Dlngrams  of  the  two  types  of  flower  in 

tbe  Zingiberaces.  A  Hedyobium.  B  Alpinia. 

Order  2.  ZiNGiBEBACEiE.  ^  X3,  03,  -4  f  2  or  0  +  1  t  2,  Q-^. 
Flower  dorsiventi^al :  caljz  not  always  distinct.  Of  the  inner 
whorl  of  stamens  the  posterior  alone  bears  a  perfect  anther,  the 
other  two  being  ti*ansformed  into  a  usually  petaloid  body,  the 
labellum.  The  onter  whorl  of  stamens  is  absent,  or  but  slightly 
indicated,  in  the  Zingibereas  (Fig.  367  B);  but  is  represented  in 
the  HedychiesB  and  GlobbesB  by  two  postero- lateral  petaloid 
staminodes  (Fig.  367  A),  There  is  a  small  amount  of  endosperm 
in  the  seed,  in  a  depression  in  the  perisperm. 

The  oommoner  genera  are  Curcuma,  Hedychium ;  Zingiber,  Alpinia ;  Globba, 
having  a  nnilocular  ovary  with  three  parietal  placentie. 

The  starch  which  is  prepared  from  the  rhizome  of  Curcuma  anguBtifoUa  and 
leueorrhiza  is  known  in  commerce  as  East  Indian  arrowroot:  Turmeric  is 
obtained  from  the  rhizome  of  C.  longa.  Cardamoms  are  tlie  fruits  of  Eltttrria 
Cardamomum,  The  dried  rhizomes  of  Zingiber  offUinaU  are  the  oommon 
ginger. 

Order  3.  Marantack^  or  Cannacejc.  KS,  C3,  -40  +  1 1  1»  0,  or 
A  t  ^»  0  + 1 1  2,  6r  (sT*  Flower  asymmetric,  often  heterochlamyde- 
ous.  The  androBcium  is  represented  by  a  number  of  petaloid  bodies, 
of  which  one  only,  the  posterior  stamen  of  the  inner  whorl,  bears 
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a  bilocalar  anther  (Fig.  368  at,  an)  ;  of  the  staminodia  one  is 
larger  than  the  others,  and  is  refiexed,  forming  a  labellum  (Fig. 
368  /)  ;  the  narrow  ones  vary  in 
number  in  the  different  species 
(Fig.  368  a  and)8)  :  seed  without 
endosperm  ;  seeds  nnmeroas  in 
Canna,  single  in  each  local  as 
in  the  other  genera. 

Canna  indica  and  other  species  are 
oommonly  grown  as  oroamental 
plimts. 

Amylum  MarantaB,  the  starchy  meal 
prepared  from  the  rhizome  of  Maranta 
arundinaeea^  is  trae  or  West  Indian 
arrowroot. 

Cohort  4.  Orchidales. 
Flower  irregalar,  dorsi ventral, 
zygomorphic,  gynandrons  (see 
pp.  495,  518),  reduced  in  the 
androecium  :  perianth  petal o id. 
Seeds  very  small,  without  en- 
dosperm or  perisperm;  the 
embryo  a  minute  undifferen- 
tiated mass  of  cells. 

Order  1.  OFCHiDACE.f:.  The  flowers  of  most  of  the  genera  have 
the  formula  4^  ^3,  C3,  ill  +t  2,  G-;^^:  those  of  the  Cypripediinaf?, 
however,  have  the  formula  4'  -Sr3,  C3,  A  f  1  +  2,  G-js",  (Fig.  369 
Aj  B).  The  flower  is  generally  so  placed,  in  consequence  of 
torsion  of  the  ovary,  that  the  posterior  side  of  the  flower,  instead 
of  being  uppermost,  as  is  normally  the  case,  comes  to  lie  inferiorly 
(rettiipinate),  but  there  are  exceptions  {e.g.  Liparis,  Nigritella, 
Epipogum).  The  posterior  segment  (petal)  of  the  inner  whorl 
called  the  labelhtm  (Fig  370,  see  also  Fig.  294  I),  is  always  larger 
than  the  others,  and  varies  greatly  in  form;  it  frequently  has  a 
spur  (Fig.  370  sp)  or  a  sac-shaped  cavity  (Fig.  294).  The  an- 
drcecium  and  the  three  stigmata  are,  in  most  Orchids,  borne  on  a 
prolongation  of  the  floral  axis  the  gynostemtum  {Fig.  294  «;  Fig. 
372  i/ and  0  gs).  In  the  androecium  usually  three  stamens  are 
represented  :  in  the  monandrous  Orchids  there  is  a  fertile  an- 
terior stamen  belonging  to  the  outer  whorl  (Fig.  369,  A),  and 
often  two  staminodes,  which  are  sometimes  petaloid  (e,g.  Dinris) 


Fi0.  988.— Flower  of  Canna  indica  (nal. 
size) : /inferior  ovary :  pa  tbe  outer;  pi  ilie 
inner  whorl  of  the  perianth  ;  g  style  ;  it  the 
fertile  stamen,  with  {an)  the  anther;  I  label- 
lum ;  a  and  fi  the  two  staminodia.  (After 
Eiohler.) 
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or  small  tooth-like  prominences  (anrioulaB,  stelidia)  on  the 
gynostemiam  (e.g.  Orchis,  Epipactis,  Fig.  294  a:),  belonging 
generally  to  the  inner  androecial  whorl,  but  sometimes  apparently 
to  the  outer:  in  the  diandrous  Orchids  {e.g,  Cypripedium,  Fig. 
369  B)  there  are,  generally,  two  fertile  stamens  belonging  to  the 
inner  whorl ;  the  outer  whorl  being  only  represented  by  an 
anterior  staminode.  The  anther  usually  has  four  pollen-sacs, 
but  may  have  two  {e,g.  Collabium)  or  eight  {e.g.  Calanthe,  Bletia). 
In  some  genera  the  pollen-grains  are  separate  from  each  other, 
in  the  majority  they  are  united  into  a  mass,  pollinium,  which  fills 
an  entire  pollen-sac  (Fig.  294  E,  F^p).  The  pollinium  may  consist 
of  tetrads  with  a  common  exine  {e.g.  Neottia) ;  or  of  larger  groups 
of  cells,  termed  massulcB  {e.g.  Orchis),  when  it  is  said  to  be  sectUe; 
or  of    uniform  tissue.      In   those   Orchids    which   have  pollinia, 


Fio.  369.  — Diagram  of  OroMilnceous 
noweiv,  neglecting  resapination.  A  The 
taonacdroaa  type.  B  The  diandrous  type 
(Cypripediom):  the  ahadod  stamens  are 
btaminodia. 


Fio.  870.— Flower  of  Orehii  maaeula  ( x  2) : 
/  the  twisted  ovary ;  a  a  a  the  three  outer 
perianth-leaves ;  i  i  two  of  the  inner,  I  tlie 
third  inner  periantb*leaf,  the  labelluro,  wiih 
(<p)  the  spur ;  n  stigma :  p  poUen-saca. 


it  is  frequently  the  case  that  the  tissue  of  the  pollen-sac  is 
prolonged,  according  to  the  position  of  the  anther,  either  to  the 
lower  {basitunous,  e.g.  Ophrydinw)  or  to  the  upper  end  of  the 
anther  {acrotonous^  e.g.  Phajiinse,  Oncidiinae\  and  here  almost 
exclusively  gives  rise  to  a  mucilaginous  filament,  the  caudicle, 
attached  to  the  pollininm  (or  to  the  two  or  more  pollinia  of  each 
half  of  the  anther)  below  or  above. 

The  ovary  is  unilocular  (rarely  trilocular  as  in  some  Cypri- 
pediinae),  and  contains  numerous  anatropons  ovules  on  three 
parietal  placentas.  In  all  the  monandrous  Orchids,  the  anterior 
lobe  of  the  trilobate  stigma  is  not  susceptible  of  pollination,  and 
is  either  rudimentary  or  developes  into  an  organ  termed  the 
roatellum  (Fig.  294  //),  which  is  sitnated  either  above  or  below 
the  anther,  and  in  the  tissue  of  which  one  or  two  small  masses 
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of  sticky  mucilage  (retinactila)  are  formed,  and  are  frequently 
enclosed  in  one  or  two  pouches  (burstculce)  formed  by  the  rest  of 
the  tissue  of  the  rostellum.  The  pollinia  adhei*e  to  the  retinacula 
by  the  caudicle,  when  present,  and  are  removed,  in  pollination,  by 


Fi0. 371.— Tubers  (A)  of  Orchia  Jforio ;  fi  of  iiymnadtnia  Ccnopua :  •  the  pedande ;  1  this 
year's  taber ;  2  next  year's  taber ;  fc  the  bad ;  w  and  v'  roots  (nat.  size). 

the  adhesion  of  the  retinacula  to  the  proboscis  of  the  insect  (see 
p.  456). 

Most  of  the  indigenous  species  have  underground  rhizomes  or 
tubers.  In  the  latter  case,  two 
tubers  are  usually  present:  the  older 
one,  which,  at  the  time  of  flowering, 
becomes  flaccid  (Fig.  371  il  and  B,  1), 
throws  up  the  flowering  scape  (s) 
or,  in  young  plants,  a  short  under- 
ground stem  which  produces  only 
leaves  above  ground.  At  the  upper 
end  of  this  tuber  another  much 
firmer  tuber  is  formed  (Fig.  371), 
bearing  at  its  apex  the  bud  of  the 
next  year's  stem  (^K).  The  tuber  is 
to  be  regarded  as  a  lateral  bud 
which  coalesces  with  its  first  root 
(or  more  than  one,  Fig.  371  B)  and 
then  increases  in  bulk :  the  lower 
end  of  an  undivided  tuber,  as  well 
as  the  ends  of  palmate  tubers,  has, 
in  the  young  state  at  least,  the  same 
structure  as  the  apex  of  a  true  root. 


Fift.  871.— Plower  of  Cypripedium 
CoIcmIus  :  p  p  the  leayes  of  the  peri- 
anth hayo  been  cut  away.  A  Side 
view.  B  Baok  view.  C  Front  view ; 
/  ovary;  ga  gynostomium ;  a  a  the 
two  fertile  stamens ;  s  staminode ;  % 
stigma.   (After  Sachs.) 
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The  genera  of  Orohidace»  are  so  nnmerona  and  so  diverse  that  it  is  impos- 
sible to  give  more  than  a  sammary  of  those  which  are  British. 

DiANDBA :  two  fertile  stamens,  belonqiing  to  the  inner  whorl :  all  three  lobes 
of  the  stigma  are  susceptible  of  pollination  :  pollen-grains  cohering  but  slightly. 

Fam.  1.  Cypripediina.  Cypripedium  Calceolus,  the  Lady's  Slipper,  now 
Tery  rare,  occurs  in  woods  in  the  north  of  England :  it  has  a  creeping  rhizome 
and  broad  ovate  leaves :  the  permnth  is  of  a  reddish-brown  colour,  except  the 
labellnm  which  is  yellow  and  forms  a  shoe-like  sac  (Figs.  369,  372). 

MoNANDRJB :  one  fertile  stamen,  the  anterior,  belonging  to  the  outer  whorl : 
only  the  two  lateral  lobes  of  the  stigma  are  susceptible  of  pollination ;  the 
anterior  lobe  is  rudimentary,  or  is  developed  as  the  rostellum  :  pollen-grains 
coherent  into  pollinia. 

Fam.  2.  Ophrydina  :  anther  short  and  broad  ;  the  waxy  pollinia  are  basit- 
onouB ;  a  rostellum,  forming  retinacula  to  which  the  caudicles  of  the  pollinia 
adhere. 

To  the  sub-family  Serapiadea,  which  is  characterised  by  the  short  gynos- 
temium  and  the  erect  anther,  belong  the  genera  Ophrys,  Orchis,  and  Aceras. 
In  Ophrys  there  are  two  distinct  bursiculte  and  retinacula,  and  the  pollinia 
remain  distinct :  the  flowers  resemble  insects :  0.  apifera  the  Bee  Orchis,  O. 
arani/era  the  Spider  Orchis,  and  O.  mtueifera  the  Fly  Orchis,  occur  in  chilk 
pastures.  In  Orchis  there  is  but  one  bursicula,  but  there  are  two  retinacula,  so 
the  pollinia  may  be  removed  separately,  and  the  labellnm  is  spurred :  Orckit 
Morio,  matcula,  and  militarit,  have  round  or  oval  tubers ;  whilst  O.  latifoliaf 
maculata,  and  pyramidalit  have  palmate  tubers.  In  Aceras  (Acerat  antliropo- 
phora  is  the  green  Man-Orohis)  the  3-lobed  lip  is  not  spurred,  and  there  is  but 
one  retinaculum. 

To  the  sub-family  Gymnadenieee,  characterised  by  the  absence  of  a  bursicula, 
and  consequently  bare  retinacula,  belong  the  British  genera  Gymnadenia, 
Habenaria,  Neotinea,  Herminium  (as  also  other  interesting  European  genera, 
such  as  ChamsBorchis  and  Nigritella).  In  Gymnadenia  (G.  Conoptea,  the 
fragrant  Orchis)  the  retinacula  are  contiguous :  in  Habenaria  (H.  albida,  bifulia, 
viridit,  Butterfly  Orchis)  the  retinacula  are  distant :  in  Neotinea  {N.  intacta) 
the  pink  perianth-segments  are  connivent :  whilst  in  the  preceding  genera  the 
labellum  is  spurred,  it  is  not  spurred  in  Herminium  (H.  Monorehit,  the  green 
Musk  Orchis). 

Fam.  3.  NeottiintB :  pollinia  usually  soft  and  granular,  either  acrotonous  or 
altogether  without  caudicles. 

To  the  sub-family  Cephalantherea,  in  which  the  labellom  is  transversely 
segmented,  belong  the  genera  Cephalanthera,  Epipactis,  and  Epipo<^uiii. 
Cephalantbera  (C  yrandijiora^  C.  etuifolia,  C.  rubra)  and  Epipactis  (£.  iatifolia 
and  E.  paluttrit),  the  Helleborines,  are  rhizomatous  leafy  plants  with  well- 
developed  leaves  on  the  peduncles :  the  labellam  is  not  spurred,  and  the  rostel- 
lum is  rudimentary.  Epipogvm  Gmelini  is  a  saprophyte,  has  no  roots,  and 
its  leaves  are  scaly  and  not  green ;  it  has  granular  pollinia  with  acrotonoas 
caudicles,  a  rostellum  producing  a  retinaculum,  and  a  spurred  labellum ;  the 
flower  is  not  resupinate. 

To  the  sub-family  Spiranthea,  characterised  by  a  rostellum  as  long  as  the 
anther,  producing  a  retinaculum  to  which  the  granular  pollinia  (without  oaa- 
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dioles)  adhere,  belong  the  genera  Spiranthes,  Listera,  and  Neottia.  Spiranthes, 
Lady's  Tresses  {S.  autujiwalis,  aitivalU,  and  gemmipara)  has  a  spike  unilateral 
by  torsion,  perianth-segments  oonniyent,  no  spar.  Listera,  T way-blade  (L. 
eordata  and  ovata)t  has  only  two  foliage-leaves,  and  spreading  perianth- 
segments,  no  spur.  Neottia  Nidut-AvU,  the  Bird^d-nest  Orohid,  is  a  saprophyte, 
with  scaly  leaves  which  do  not  contain  chlorophyll ;  labellum  not  sparred. 

To  the  sob-family  PhyntretBt  oharaoterised  by  the  straotare  of  the  poUiniom, 
>  which  is  seotile,  belongs  the  genus  Goodyera  (G.  repens)  in  which  the  labellum 
has  no  spur,  and  the  polUnia  have  aorotonous  caodioles ;  the  inflorescence  is, 
like  that  of  Spiranthes,  a  unilateral  twisted  spike ;  the  plant  is  rhizomatous. 

Fam.  4.  Liparidina :  the  anther  produces  four  waxy  pollinia  without  oau- 
dicles.  Liparu  (Sturmia)  Loeteliit  has  only  two  foliage-leaves  and  a  pseudo- 
bulb  ;  the  flower  is  not  resupinate ;  there  are  two  retinaoula,  to  each  of  which 
a  pair  of  pollinia  become  attached.  Malaxis  (Af.  paludota^  Bog  Orchis)  has  a 
short  gynostemium  and  a  single  retinaculum;  reproduced  by  pseudo-bulbs. 
Corallorhiza  (C7.  innata,  the  spurless  Coral -root)  is  a  saprophytic  plant,  without 
roots  or  foliage-leaves. 

There  are  many  other  families,  including  a  large  number  of  genera  which 
are  mainly  tropical  and  commonly  epiphytic  with  aerial  roots  (see  p.  156). 
Many  of  these  are  cultivated  in  hot-houses  such  as  Oocidium,  Yanda,  Dendro- 
bium,  Angrfficum,  etc.  YaniUa  is  the  dried  fruit  of  VaniUa  planifolia,  a  climb- 
ing species. 

Though  pollination  is  usually  dependent  upon  the  risits  of  insects  (see  p. 
456) t  self-pollination  is  by  no  means  uncommon.  For  instance,  among  British 
Orchids,  OphrijB  apifera  and  Neotinea  intaeta  are  probably  always  self- pollinated, 
and  Neottia  Nidiu-Avi$,  Epipactii  ovalis  and  E.  latifolia^  are  frequently  self- 
pollinated,  simply  by  the  falling  of  the  pollen  on  to  the  stigma.  Cephalan- 
tfura  rubra  is  commonly  pollinated  whilst  in  the  bud,  by  the  germination  of 
the  pollen-grains,  the  pollen-tubes  making  their  way  to  the  stigma. 

Cohort  5.  Narcissales.  Flowers  regular  or  irregular:  not 
less  than  thi-ee  stamens  in  the  androeciam :  perianth  petaloid : 
seeds  with  oilj  endosperm. 

Order  1.  Amaryllidaceji.  Z3,  C3,  ^43  + 3  or  12  to  18,  0^^, 
The  flower  is  occasional Ij  zjgoraorphio  and  narrowly  funnel- 
shaped  :  anthers  nsaally  introi*se.  The  fruit  is  nsually  a  trilocnlar 
locnlicidal  capsale,  sometimes  a  berry. 

The  principal  of  the  numerous  genera  are  arranged  in  the  following  fami- 
lies :~ 

Fam.  1.  AmaryllidoidetB  :  subterranean  stem,  bulbous  :  scape  leafless,  bear- 
ing a  single  terminal  flower,  or  an  umbellate  inflorescence,  invested  by  one  or 
more  bracts.  Amongst  the  genera  without  a  corona  (see  p.  515)  are  Amaryllis 
{A.  Bellaaonna,  the  Belladonna  Lily),  Vallota  ( K.  pur/^ur^a,  the  Scarborough 
Lily)  with  zygomorphic  flowers ;  Zepliyranthes,  Sternbergia,  Crinum,  Galanthus 
(G.  uivalist  the  Snowdrop),  and  Leacojum  (L.  vernum,  the  Spring  Snowflake  ; 
L,  astivuiHt  the  Summer  Snowflake)  with   actiuomorphio  flowers.    Amongst 
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the  genera  with  a  corona  are  the  many  species  of  NarciRsas ;  N.  (Corbnlann) 
Bulhocodium,  the  Hooped  Petticoat  Daffodil ;  N.  {Ajax)  Pgeudo-nareiitus^  the 
common  Daffodil ;  N.  (Queltia)  Jonqnilla,  the  Jonquil,  and  N»  ineomparabiHi 
the  Star  Daffodil;  N.  poeticut,  the  Poet's  or  Pheasant's  Eye  Narcissus;  iV. 
TazHta,  the  Cluster  Narcissus :  also  the  genera  Pancratium  and  Eucharis. 

Fam.  2.  Afiavoidea :  stem  not  subterranean,  short  or  elongated  into  a 
trunk.  Here  belong  the  genera  Agave  (incl.  Bonapartea)  and  Fourcroya. 
Agave  amerirana,  commonly  known  as  the  false  or  American  Aloe,  is  a  native 
of  Mexico  but  has  been  naturalised  in  Southern  Europe.  The  chort  stem 
bears  a  rosette  of  large  thick  prickly  leaves :  when  it  has  attained  sufficient 
vigour— in  Southern  Europe  in  from  10  to  20  years— it  throws  up  a  scape  20-30 
feet  high,  which  branches  and  bears  a  large  number  of  flowers  in  a  pyramidal 
panicle.     , 

Fam.  8.  Hppoxitloid  a  :  subterranean  stem  a  rhizome,  bearing  a  terminal 
flowering-shoot.    Alsircemeria,  the  Peruvian  Lily,  has  a  leafy  flowering-shoot 

and  the  habit  of  a  Lily. 

The  British  species  of   the 
^  order  are  the  common  Daffodil, 

the  Snowdrop,  and  the  Snow- 
flakes. 

Order  2.  Iridacejb. 
Zv3,  C3,  ^3  +  0,  Gai^  The 
flower  is  sometimes  zygo- 
morphic:  stamens  some- 
times monadelphoas ;  the 
anthers  are  extrorse :  the 
fruit  is  nsaally  a  trilocular 
locnlicidal  capsale. 

Fam.  1.  GRocoiDEiB  :  flowers 
actinomorphic,  terminal,  single, 
with  Boiuetimes  other  axillary 
flowers,  each  invested  by  a 
spathe :  stem,  a  corm. 

To  this  family  belong, 
amongst  others,  the  genera 
Crocus  and  Bomulea.  Many 
species  of  Crocus  (e.y,  C.  aureus, 
biJioruSf  speciosus,  r^ntM,  etc.) 
are  cultivated  ;  C  nativus  is  the 
Saffron  Crocus,  the  dried  stig- 
mata of  which  are  termed  Saf- 
fron :  the  only  indigenous 
British  species  is  C  nudijluru* 
Bomulea  (Trichonema)  Columna  occurs  in  the 


Ffo.  373.— Dia;;rarn  of  iuo  flower  oflrl?,  and  view 
of  the  same  after  the  removal  of  the  perianth :  s 
peduncle ;  /  inferior  ovary ;  r  tubular  portion  of  the 
perianth ;  pa  tho  insertion  of  the  oaler,  pi  of  the 
inner  loaves  of  the  periaaih  ;  st  stamen ;  a  anther ; 
«  n  n  the  three  pelalotd  tttigmata  (oat.  aixe). 

which   is  autumn-flowering. 
Channel  Islands. 
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Fam.  2.  Ibidioideje  :  flowers  moBtly  aotinomorpbic,  forming  many- flowered 
infloresoenoes  of  Tarious  form  with  spathes,  each  of  whioli  inyesis  more  than  one 
flower :  stem  bulbons  or  rhizomatous. 

This  large  family  includes  several  sub-families,  of  which  the  following  are 
the  more  important : — 

Sub-fam.  Iridiua :  perianth-tube  short  or  absent ;  the  capsule  is  not  en- 
closed by  the  spatbe ;  the  styles  are  petaloid,  with  the  stigma  on  the  under 
surface.  Iris,  the  Flag,  is  the  principal  genus.  The  species  of  this  very  large 
genus  may  be  divided  into  two  groaps  based  upon  the  bulbous  or  the  rhizoma- 
tous character  of  the  stem.  The  most  familiar  of  the  bulbous  Irises  are,  I. 
xiphioidei  (or  Hiphion  lati/oiium,  or  Iri$  anglica)  the  so-called  English  Iris  ; 
L  Xiphium {Xiphion  vulgnre)  the  Spanish  Iris;  /.  reticulata^ ptrsica,  and  HUtrio. 
The  rhizomatous  Irises  are  classified  according  to  the  presence  or  absence  of 
hairs  (beard)  on  the  perianth-segments  :  thus, — 

Sect.  Hexapogon :  all  the  perianth-segments  bearded  along  the  upper  surface 
of  the  midrib  of  the  claw  :  e.g,  I,  longUcapa  and  falcifolia. 

Sect.  Pogoniris :  only  the  three  outer  perianth-segments  bearded  on  the 
midrib  of  the  claw ;  e.g.  I.  fiur>^ntina,  germanica,  pallida,  pumila. 

Sect  Oncoovdns :  the  three  outer  perianth-segments  bearded  on  both  claw 
and  limb :  e.g,  I,  nmaita,  iberica. 

Sect.  Apogon :  perianth -segments  beardless  :  e.g.  1,  graminea  and  nberica 
with  Unear  leaves ;  /.  PgeudaconiSt  ochrolewa,  foetidig^ma,  etc.,  with  ensiform 
leaves.    /.  Pieudacorus  (Yellow  Flag)  and  foetidisHma  are  British. 

Sub-fam.  Tigridinan  perianth-tube  absent;  styles  branched  with  an  apical 
stigma ;  the  inner  whorl  of  perianth-segments  is  smaller  than  the  outer ;  sta- 
mens monadelphous :  bulbous  plants.     Tigridia  Pavonia  is  the  Tiger  Flower. 

Sub-fam.  Sitijitnchina :  perianth- tube  short;  styles  unbranched,  nearly 
cyUndrioal,  alternate  with  the  stamens  (not  opposite  as  in  Iris) :  stamens  free, 
or  connate  at  the  base  :  rhizomatous  plants. 

Here  belong  the  genera  Libertia  (with  free  stamens)  and  Sif^yrinchium 
(with  basally  connate  stamens),  having  actinomophio  flowers ;  S.  (Bermudiana) 
angustifolium,  Blue-eyed  Grass,  occurs  in  Oalway. 

Sub-fam.  AriitincB :  perianth- tube  elongated ;  capsule  enclosed  by  the  spathe  ; 
stamens  monadelphous  (Patersonia)  or  free  (Aristea) ;  generally  rhizomatous. 

Fam.  3.  Ixioidejb  :  the  flowers,  which  are  frequently  zygomorphic,  are  each 
invested  by  a  spathe  :  stem,  usually  a  corm. 

In  the  sub-fam.  Ixiecs,  the  zygomorphism  of  the  flower  is  but  slightly 
marked:  Schizostylis  is  rhizomatous,  whilst  the  other  genera  (Izia,  Oeisso- 
rhiza,  etc.)  are  bulbous. 

In  the  Gladiolea,  the  zygomorphism  of  the  flower  is  well-marked,  but  the 
flower  may  be  either  straight  and  erect  {e.g,  Tritonia,  Montbretia,  Sparaxis),  or 
curved  {e.g.  Gladiolus).  Gladiolus  illgricm  {communis),  the  lesser  Gladiolus 
or  Corn-Flag  occurs  in  England. 

In  the  Watioideoi  (Wtttsouia,  Lapeyrousia,  Freesia),  the  styles  are  2- 
branched. 
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Class  X.— DICOTYLEDONES. 

The  ripe  seed  (Fig.  295)  may  be  albaminoas,  containing  a  mass 
of  endosperm  and  a  relatively  small  embryo,  as  in  the  Umbellifene 
and  EuphorbiaceeB  ;  bat  sometimes  the  embryo  is  relatively  large 
and  the  endosperm  occapies  only  a  small  space,  as  in  the  Labiatie : 
more  commonly  the  seed  is  exalbnminous,  the  endosperm  being 
wholly  absent,  and  then  the  embryo,  which  has  large  and  fleshy 
cotyledons,  fills  the  entire  cavity  of  the  testa,  as  in  the  Bosacese, 
the  LegaminossB,  and  the  Compositae.  Perisperm  is  rarely  pre- 
sent, either  together  with  endosperm  (e.g.  some  Piperales  and 
NympliaeaceBB),  or  alone '(Chenopodiales,  Caryophyllales). 

The  embryo  (see  p.  443)  usually  has  distinct  members,  consist- 
ing of  an  axis  and  two  opposite  cotyledons  ;  in  rare  cases,  e,g. 
Corydalis,  only  one  cotyledon  is  present,  or  abnormally  thi'ee  may 
occar,  as  is  occasionally  the  case  in  the  Oak,  the  Sycamore,  and 
the  Almond.  In  parasites  and  saprophytes  which  are  devoid  of 
chlorophyll  and  which  have  very  small  seeds,  snch  as  Monotropa 
and  Orobanche,  the  embryo  is  quite  undifferentiated,  and  it  con- 
sists of  only  a  small  number  of  cells. 

The  axis  of  the  embryo  frequently  persists  as  the  main  axis  of 
the  plant  which  grows  in  length  and  produces  numerous  less 
vigorous  lateral  shoots  ;  but  it  offcen  happens  that  some  of  these 
lateral  branches  subsequently  grow  as  vigorously  as  the  main  axis  : 
when  this  is  the  case,  and  when  also  the  lower  and  feebler  shoots 
die  off,  a  head,  such  as  is  common  in  forest-trees,  is  the  result ;  in 
the  case  of  shrubs,  vigorous  branches  are  formed  quite  low  down 
on  the  main  stem.  The  branching  of  the  stem  is  almost  invariably 
axillary  and  latei*al :  it  is  frequently  monopodial  (p.  40),  but  in 
many  forest-trees  the  stem  (trunk)  and  branches  form  a  sympo- 
diiim,  the  uppermost  lateral  bud  growing  each  year  in  the  direc- 
tion of  the  main  axis,  which  does  not  itself  develope  any  further. 

When  the  axis  of  the  embryo  continues  to  be  the  main  axis  of 
the  plant,  the  primary  root  also  developes  greatly,  and  forms  a 
tap-root  from  which  the  lateral  roots  grow  in  acropetAl  succession  ; 
in  cases  in  which  the  growth  in  length  of  the  tap-root  is  limited, 
numerous  adventitious  roots  spring  from  its  older  portions ;  these 
may  again  give  rise  to  lateral  roots,  and  by  a  repetition  of  this 
process  an  elaborate  root-system  is  formed. 

The  stem  is  almost  always  monostelic  (see  p.  152).  The 
vascular  bundles  of  the  stem  are  almost  always  conjoint,  collateral| 


GKOUP  1?. — PHANEROGAMU:   ANGIOSPERM-fi  ;   DI  COTTLE  DON  ES.     571 

and  open,  and  the  sfcem  ^rows  in  thickness  bj  the  activity  of  the 
cambiam-ring  which  is  formed  (p.  191). 

The  epiblema  of  the  root  is  (except  NymphflBaceae)  the  per- 
sistent innermost  layer  of  the  original  many-layered  epidermis 
(see  p.  154).  When  the  stem  grows  in  thickness,  the  root  does 
so  also  (see  p.  191). 

The  leaves  exhibit  infinite  variety  both  in  their  relative  position 
and  in  their  form.     The  foliage-leaves  almost  always  consist  of 
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Fia.  374.~rteia  Faha,  the  Bean.    A  Seed  with  one  of  Fxa.  376.— Seedling  of  ibeMaple 

the  ootyledons  removed;  o  the  remaining  cotyledon  ;  (nat.  siae) :  c  c  the  cotyledons ;  fcn 

«  radicle ;  fcn  plnmale ;  •  testa,     fi  Qenninatiiig  seed ;  the  plnmule ;  he  the  hypocotyl ; 

•  testa ;  I  a  portion  of  the  testa  torn  away;  n  hilam ;  w  primary  root ;   K  root  haira 

9t  petiole  of  one  of  the  cotyledons ;  k  carved   epl-  (the  lower  part  is  cot  off), 
ootyl;   he  the  very  short  hypocotyl;  K  the  primary 
root ;  trt  its  apex ;  kn  bud  in  the  axil  of  one  of  the 
cotyledons. 

petiole  and  blade ;  amplexicaul  leaf- bases  are  comparatively  rare, 
bat  stipules,  on  the  contrary,  are  very  common.  Branching  or 
segmentation  of  the  leaves  is  common,  and  is  frequently  indicated 
by  the  incision  of  the  margin.  The  usually  reticulate  venation  of 
the  leaves  is  characterized  by  the  presence  of  a  large  number  of 
veins  which  project  on  the  under  surface,  except  in  thick,  fleshy 
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leaves,  and  which   freqaentlj  anastomose;   a  midrib   is   almost 
always  present,  giving  o£F  lateral  branches  to  right  and  left. 

The  flowers,  when  they  are  lateral,  are  asnallj  fai*nished  with 
two  prophjlla  or  bracteoles  (see  p.  50t5) :  they  differ  very  con- 
siderably in  their  structure,,  and  cannot  be  referred  to  any  one 
type.     The  following  are  the  principle  forms: 

1.  In  a  considerable  number  the  perianth,  which  is  simple,  and 
the  androecinm  are  isomerous,  consisting  of  four,  five,  or  six 
members;  their  arrangement  is  either  spiral  (f),  or  whorled  so 
that  the  stamens  are  always  superposed  on  the  leaves  of  the 
perianth ;  the  latter  are  all  similar  and  are  sepaloid.  '  Formula 
P5  I  -45,  or  Pn  +  n,  <4n  +  n,  where  n  =  2  or  3.  This  structure 
prevails  in  some  of  the  Monochlamydeae  (Urticales,  Amen  tales). 

2.  In  a  second  group,  all  the  parts  of  the  flower  are  arranged 
in  a  continuous  spiral,  the  stamens,  and  sometimes  the  carpels, 
being  generally  moi*e  numerous  than  the  leaves  of  the  perianth : 
the  perianth  may  consist  only  of  a  calyx,  or  a  corolla  may  be 
developed  in  place  of  the  external  stamens  ;  when  this  is  the  case 
the  corolla  alternates  with  the  calyx,  provided  that  it  is  isomerous 
with  it,  as  in  most  Banales. 

3.  With  these  two  types  are  connected  by  many  intermediate 
forms  those  flowers  in  which  the  biseriate  perianth  and  the  stamens 
are  in  whorls :  their  formula  is  Kn,  Cn,  An  +  n,  where  n  usually 
=  5  or  4.  This  is  the  most  common  type  of  structure  of  the 
flower;  it  occurs  in  most  PolypetalsB  and  Gamopetalae ;  it  may  be 
modified  either  by  the  suppression  of  one  (usually  the  inner) 
whorl  of  stamens,  or  by  their  multiplication,  their  branching,  or 
their  cohesion,  or  by  the  suppression  of  the  corolla. 

4.  Finally,  there  remain  certain  flowers  which  cannot  be  directly 
referred  to  any  one  of  the  above  types,  and  they  must  therefore 
be  left  unexplained  for  the  present,  and  the  relationships  of  their 
families  must  remain  uncertain. 

The  sub-divisions  in  which  the  Dicotyledons  are  arranged  in  the 
following  classification  are  especially  characterized  by  pecaliarities 
in  the  structure  of  the  flower.  It  is  impossible,  however,  to  draw 
sharp  distinctions  between  the  sub-classes,  the  cohorts,  the  orders, 
and  sometimes  even  between  the  families,  for  the  position  of  a 
plant  in  the  system  depends,  not  upon  any  one  character,  but  upon 
the  aggregate  of  its  characters. 

The  principal  orders  of  Dicotyledons  may  be  arranged  as 
follows : — 
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SUB-CLASS  I.    MONOCHLAMYDE^. 


Cohort  I.  Piperales. 
Ordsr  1.  PiPERACGiS. 

,»        2.    CHLORAMTHACEiE. 
„        3.    SAUBURAGEiB. 

Cohort  IL  Urticales.    .. 
Ordejr.l.  UrticaCe^. 

„     '  2.   MORAGE^. 

„      3.  Cannabina^es. 

„        4.   ULMAGEiE.  . 

Cohort  III.  Amentales^ 
Order  1.  Betulagejb. 

„        2.    CORYLACEf.      • 

„  3.  Faoagej:. 

„  4.  juqlandaceji. 

„  5.  Mtrigage£. 

„  6.  Casuarinacej:. 

,,  7.  Salicace^. 


.  CohoH  IV.  Proteales. 

Order  1.  PROTKACEiB. 
Cohort  V.  Chenopodiales. 
Order  1.  CHENOPODiACEiB. 
„      2.  Amarantace£. 
„      3.  Phytolagcacej:. 
„      4.  Nygtaginace*. 
Cohort  VI.  Asarales. 

Order  1.  Aristolochiagejb. 
„      2.  Cytinacejb. 
Cohort  VII.  Santalales. 
Order  1.  Santalace-B. 
.  „      2.  loranthagea. 
„      3.  Balanophorace^. 


SUB-CLASS  II.    POLYPETAL^. 
SEBIES  I.     THALAMIFLOKiB. 


Cohort  I.  Ranales. 

Order  4.  Cappabidacbjb.  \  ^ 

Order  1.  Ranungulace*.    1 

„      5.  Resedagrb.       ^'^ 

„      2.  Magnoluge^.     '^ 

„        6.    CiSTACBB.          »^' 

„      3.  Calycanthace*.  "^ 

„      7.  Bixagejc.      \^ 

„      4.  Nymphjsage*.       "^ 

„        8.   ViOLAGEiB.         ^  A 

Cohort  II.  Menispermales. 

Cohort  V.  Sarraceniales. 

Order  1.  Menispbrmagejb. 

,.      1.  Sabbaceniagbb.^ 

„      2.  Berberidag&s.     ^"^ 

„      2.  Nepenthacejc. 

„      3.  Lauragejb.           ^ 

„      3.  Dboseracbb.     '"' 

„      4.  Mtristigagea. 

Cohort  VI.  Guttiferales. 

„        6.    P0LYG0NAGE-«.        * 

Order  1.  Hypebigageb.      '  *^ 

„      6.  Ceratophyllagejb. 

„      2.  Tamabigaceb. 

Cohort  III.  Caryophyllales. 

„      3.  Elatinageb. 

Order  1.    CARYOPHYLLAGEiB.    ^ 

„        4.    TeRN8TR<£MIAGE£. 

„        2.    PORTULAGRB.               ^^ 

>             „      5.  Clusiageb. 

„        3.   AlZOAGEJE. 

„      6.  Diptebocarpage^. 

Cohort  IV.  Parietales. 

Cohort  VII.  Malvales. 

Ol-der  1.    PAPAYERACEiB. 

Order  1.  Tiliageb. 

„        2.    FUHARIAGEB.  '  1 

„      2    Stebguliagb-b. 

„      3.  Crugiferjb.    >  - 

„      3.  Malvagkjb. 
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SEBIBS  n.    DISOIFLOB^. 


Cohort  I.  Geraniales. 
Order  1.  Geranucea. 

„        2.   LiNACEiE. 

„     3.  Eetthroxtlacb^ 
„      4  oxalidacea. 
„      5.  Balsaminacea. 

„        6.    TROPiEOLACEiB. 

„      7.  Ztgofhtllacea. 

„        8.   RDTACEJ5. 

„     9.  Meliacejb. 

„     10.    SiMARUBACEA. 
„     11.   BuRSERACEiB. 

Cohort  II.  Sapindales. 
Order  1.  Sapindace2. 

„        2.   ACERACE^. 

„     3.  polygalacejb. 
,,     4.  Anacardiacea. 


Cohort  in.  Celastrales. 
Order  1.  Celastracrb. 
n      2.  Staphtleagrjs. 
„     3.  Aquifoliace^. 
„     4.  Thtmeleacsje. 

y,        5.   EL^AGNACEiB. 

n     6.  Rhamnacea. 
y,      7.  Amfelidaceje. 
Cohort  lY.  Euphorbiales. 
Order  1.  EnPHORBiACE& 

„        2.   BuXACEiE. 

„     3.  Emfetracks. 
„     4.  Callitrichacbje. 


SEBIES  ni.    GALTCIFLOB^. 


Cohort  I.  Umbellales. 
Order  1.  IJMBELLiFEita. 
„      2.  Araliace^. 

„        3.    C0RNACEJ5. 

Cohort  II.  Passiflorales. 
Order  1.  Passifloraceje. 

„      2.  Papayace^. 

„      3.  Begoniaceje, 

„      4.  Cucurbitace^, 

„      5.  Cactace^. 
Cohort  III.  Myrtales, 
Order  1.  Onagracejs. 

„      2.  Haloragidacejb. 

„      3.  Lythrace^. 

„      4.  Myrtacej:. 

I,      5.  Rhizopuoracea. 


Cohoi*t  lY.  Resales. 
Order  1.  RosACEiB. 

„      2.  Leguminosjs. 

„      3.  Platanace-e. 
Cohort  V.  Saxifragales. 
Order  1.  Saxifragacejc. 

„      2.  Crassulaceje. 

„      3.  Cephalotace*. 

„     4.  Pittosporacejs. 

„      5.  Haimamelidace^. 

,,      6.  podostemaceje. 
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SUB-CLASS  III.     GAMOPETAL.E. 
SBEIES  I.    HYPOGYN^. 


Cohort  I.  Lamiaies. 
Order  1.  Labiate. 

„        2.   YEBBENACEiB. 

„     3.  Globulariaceje. 
Cohort  11.  Personates. 

Order  1.  Scrophulariace^. 
„      2.  Plantaginaceji. 

„        3.   BlONONIACEJS. 

„     4.  acanthacejb. 
„      5.  Gesnebacea. 
„      6.  Obobancuacej!. 
„      7.  Lentibulabiaceji, 
Cohort  III.  Polemoniales. 
Order  1.  Convolvulace*. 

n       2.   POLEMONIAC&fi. 
y,        3.    SOLANACEiB. 
,,        4.   BOBAGINACEii. 


Cohort  lY.  Gentianales. 
Order  1.  Gentianacejb. 
„      2.  Loganuceje. 

„        3.   APOCTNACEiE. 
„       4.   AsCLEPIADACEJb. 

„     5.  Oleaceje. 
Cohort  V.  Ebenales. 
Order  I.  Sapotacejb. 

n      2.  Ebenaceje. 

„     3.  Sttbaceje. 
Cohort  VI.  Primulales. 
Order  1.  Pbimulacejb. 

n      2.  Mtrsinacejb. 

„     3.  Plumbaqinacea. 
Cohort  VII.  Ericales. 
Order  1.  EBiCAGEiE. 

„      2.  Epacridacea. 

„      3.  Dupsnsucea. 

„     4i.  Ptrolacejb. 

,,     5.  Vaccinucb^. 


B£BIES  U.    EPIOTN^. 


Cohort  I.  Campanales. 
Order  1.  Campanulace^. 

„        2.   LOBELIACEJi. 

Cohoi*t  II.  Rubiales. 
Order  1.  Rubiace^, 

„         2.    CAPBIFOLIACEiE. 


Cohort  III.  Asterales. 

Order  I.  Valebianacej:. 

,y        2.   DiPSACEiB. 
„       3.   COMPOSITJB. 


-^    SUB-CLASS  I.    MONOCHLAMYDE^. 

The  flowers  have  a  simple,  usually  sepaloid,  perianth,  or  it  may 
be  absent ;  they  are  commonly  monosporangiate. 

It  must  not  be  assumed  that  all  Dicotyledons  with  apetalous  flowers  belong 
to  this  sub-class :  on  the  contrary,  many  such  plants  must,  in  view  of  the 
aggregate  of  their  characters,  be  placed  in  the  other  sub-ciasses.  The  plants 
included  here  are  such  as  have  flowers  the  perianth  of  which  appears  to  be 
primitively  simple,  and  not  such  as  have  flowers  the  perianth  of  which  seems 
to  have  become  simple  by  suppression  (see  p.  505). 

Y.  8.  B.  P  P 
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Cohort  I.  Piperales.  The  flowers  are  usually  ambisporangiate, 
and  they  are  ai-ranged  in  a  spike  or  a  spadix,  with  bracts  ;  perianth 
usually  absent.  0\rary  usually  superior,  monomerous  ortrimerous, 
unilocular.  Ovule  orthoti-opous,  solitary,  basal  or  suspended ;  in 
some  cases  there  are  several  parietal  ovules.  The  embryo  is  small 
and  lies  imbedded  in  endosperm,  usually  in  a  depression  of  the 
abundant  perisperm  (Fig.  295  B,  p.  458). 

Order  1.  Ptpkrackj:.  Ovary  superior,  usually  triraerous  or 
monomerous,  unilocular,  with  a  single  orthotropous,  erect,  central 
fivule.  The  inflorescence  is  a  long  spadix, 
with  usually  peltate  subtending  bract.8 
(Fig.  376/,  below),  in  the  axils  of  which 
the  flowers  are  situated.  The  flower  con- 
sists only  of  a  ovary  (Fig.  376  /,  abcfve) 
and  generally  six,  three,  or  sometimes  two 
stamens  ;  the  fruit  is  a  berry. 


Fxo.  376.— Part  of  the  spa- 
dix  of  Peperomia,  ivith  a 
flower:  /  (below)  the  aab- 
tending  bract ;  •  •  the  two 
stamens  j  /  (above)  ovary ;  fc 
sarface  of  the  spadix  (mag.). 


Piper  nigrum  is  a  climbing  shrub  belonging  to 
the  East  Indies  ;  the  unripe  dried  fruits  are  black 
pepper ;  lyhite  pepper  consists  of  the  ripe  fruits 
of  the  same  £lant,  which,  after  maceration,  are 
freed  from  their  outer  coat.  Gubebs  are  the  fruits 
of  Piper  Cubeba  of  Java. 


Order  2.  Chloranthace^.  Flowers 
sometimes  with  a  rudimentary  perianth.  Ovary  inferior,  mono- 
merous, with  a  single  suspended  ovule.  Seed  with  oily  endosperm, 
but  no  perisperm.     Tropical  or  sub- tropical. 

Order  3.  SAUBQRACEiE.  Flowers  without  perianth.  Gynoeceum 
of  three  or  four  carpels,  either  apocarpous  or  syncarpous  :  in  the 
former  case  each  ovary  bears  2-4  orthotropous  ovules  on  its  ventral 
suture  (marginal  placentation)  ;  in  the  latter  case  the  unilocular 
ovary  bears  6-10  ovules  on  each  parietal  placenta;  ovary  superior. 
Seed  as  in  Piperacese.  Herbs  with  a  rhizome,  belonging  to  North 
America  and  Eastern  Asia. 

Houttuynia  eordata  (see  p.  48)  is  a  common  weed  in  Japan  and  China. 

Cohort  II.  Urticales.  Flowers  usually  diclinous,  in  inflor- 
escences of  various  forms  :  perianth  usually  present,  simple, 
sepaloid,  consisting  tYpicallv  of  five  (f)  or  reduced  to  four  (2  +  2) 
segments ;  stamens  equal  in  number  and  opposite  to  the  segments 
of  the  perianth,  in  consequence,  apparently,  of  the  essentially 
spiral   arrangement   of   the    floral    organs    (see   p.  497)  ;    ovary 
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superior,   monomerous,  unilocular,  or   sometimes   dimerous,  with 
two  styles,  and   then  rarely  bilocular:  ovule  solitary,  in  different 
poF.itions.      Sppd    onnimf^nly   containins^  endosperm.     The    inflor- 
escences in  orders  1-8  ai-e  usually  situated 
two  together  at  the  base  of  a  leafy  dwarf- 
shoot  which   springs   from  the  axil  of  a 
leaf,  and  they  ai*e  cymose  (Fig.  377).    The 
leaves  are  generally  hirsute.     Cystoliths 
(p.  108)  are  commonly  present. 

Oi-der  1.  IJRTiCACEiB.  Ovary  monomer- 
ous :  ovule  central,  orthotropous,  erect. 
Seed  containing  endosperm.  They  are 
mostly  herbs  or  shrubs  without  milky 
juice  and  frequently  provided  with  sting- 
ing-hairs :  leaves  alternate,  stipulate. 
Flowers  polygamous,  monoecious,  or  dioe- 
cious, in  paniculate  or  glomernlate  inflor- 
escences. 


Fro.  377.— Piirt  of  the  stem 
of  Urtica  uren»,  with  a  leaf  (/) 
in  tbe  axil  of  which  is  the 
branch  (m),  at  the  base  of 
which  are  the  infloref^cenrea 
(b),  without  any  bracts  (nat. 
alEs). 


Urtica  ureru  and  dioiea  (Stinging  Nettles)  are  known  by  the  stinging  hairs 
which  are  distributed  over  their  whole  surface :  perianth  2  +  2  ;  the  two  outer 
segments  of  the  perianth  of  the  $  flower  are  larger  than  the  inner  segmt-nts 
(Fig.  378  D).  In  the  former  species  the  ^  and  $  flowers  are  contained  iu 
the  same  panicle,  and  the  floral  axis  is  but  feebly  developed;  in  the  latter 
they  are  on  different  plants,  and  the  axis  is  well  developed  /ind  bears  leaves. 
B'dhmeria  nivea^  a  native  of  China  and  Japan,  has  strong  bast-fibres  used  for 
weaving  the  material  known  in  England  as  Gras>-oloth.  ParUtaria  officinalis^ 
Wall-Pellitory,  having  polygamous  flowers  with  a  cramoph'  lloxi^  perianth,  and 
destitute  of  stinging-hairs,  occurs  occasionally  on  walls,  by  roadsides,  etc. 


Order  2.  Morace*.  Ovary  gener- 
ally dimerous,  and  sometimes  bilocu- 
lar (Artocarpus)  :  ovule  suspended, 
anatropous  or  campylotropous,  more 
rarely  basal  and  orthotropous :  seed 
with  or  without  endosperm ;  the  fruit 
is  enveloped  by  the  perianth  (usually 
2  +  2),  which  becomes  fleshy,  or  by  a 
fleshy  floral  axis.  Trees  and  shrubs 
with  milky  jnice,  scattered  leaves  and 
caducous  stipules. 


Fio  f78.—A  ataraiiml  ^  ;  B  car- 
pellary  9  flowers  of  the  Stinging 
Nettle,  Urtica  :  p  perianth  ;  a 
stamen  ;  n'  rudimentary  ovary  of 
the  (f  flower;  ap  onter;  ip  inner 
whorl  of  the  perianth  ;  11  stigma  of 
the  $  flower  (mag). 


Moras  alba  and  nigra  (Mulberry)  come  from  Asia;  the  flowers  are  disposed 
in  short  catkins  ;  the  catkins  are  borne  singly  on  shoots,  which,  at  the  time  of 


578 


PABT  IIL — THE   CLASSinCATION  OF  PLANTS. 


flowering,  are  still  bads,  and  they  contain  monosporangiate,  but  monoBcioax, 
flowers ;  the  $  flowers  give  rise,  as  ripening  takes  place,  to  a  sparious  fruit 
(sorosis,  p.  528),  consisting  of  spurious  drupes  formed  by  the  perianths.  The 
leaves,  particularly  of  the  former  species,  are  the  food  of  the  silkworm.  Bn^u*- 
fonetia  papyri/era  (Paper  Mulberry)  has  flowers  like  the  preceding,  but  they  are 
dioecious:  the  bark  is  made  into  paper  in  China 
and  Japan.  Madura  tinctorial  in  Central  America, 
yields  Fustic,  a  dye.  Ficu$  Carica  is  the  Fig-tree  of 
Southern  Europe  ;  the  fig  itself  (termed  a  syconus) 
is  the  deeply  concave  axis  of  the  inflorescence,  on  the 
inner  surface  of  which  the  flowers  and  subsequently 
the  fruits,  in  the  form  of  hard  grains  (achenes).  are 
borne  (Fig.  379  m/) ;  the  cavity  is  closed  above  by 
small  bracts  (Fig.  379  2>).  Ficut  elattica  is  the  India- 
rubber  tree;  it  is  frequently  cultivated  in  rooms. 
F.  reMtjiosa  and  otber  East  ludinn  species  yield 
Caoutchouc,  which  is  their  inspissated  milky  juice 
(latex).  Ficxis  indica  is  the  Banyan.  Artocarput 
inei$a  is  the  Bread-fruit  tree  of  the  South  Sea  Islands; 
the  large  spuiious  fruit  (sorosis)  of  this  tree  is  roasted 
and  eaten  as  bread.  Oalactodendron  utiles  the  Cow- 
tree  of  Columbia,  has  a  nutritious  latex,  while  that  of  AntiarU  toxicaria  (Java) 
is  poisonous. 


Fio.  370.— Longitudinal 
section  of  a  Fig  (nat  size)  t 
a  a  fleshy  axis  of  the  in- 
florescence ;  /  9 1  m  6f 
flowers  i  b  bract*. 


Order  3.  Cannabinaceje.  Ovary  dimerons,  unilocular  :  ovule 
suspended,  canipylotropous  :  seed  with  endosperm.  Flowers 
dicBcious :  the  (J  flowers  (Fig.  380  A)  have  a  5- partite  perianth 
and  5  short  stamens ;  the  ?  flowers  have  a  tubular  entire  perianth 
(Fig.  380  jB,  p)  enclosed  in  a  bi-act  (Fig.  380  B,  d).     Herbs  with 

decussate  leaves — at  least  the 
lower  ones — and  persistent  stip- 
ules ;  devoid  of  latex. 

Cannabii  sativa^  the  Hemp,  a  native 
of  Asia,*i8"curtivated  throughout  Europe. 
The  ^  inflorescences  are  panicled  di- 
chasia  or  scorpioid  cymes,  and  are  dis- 
posed on  both  sides  of  a  rudimentary 
I- hoot  at  the  apex  of  the  plnnt ;  the  ? 
flowers  are  placed  singly  on  both  sides  of 
a  similar  shoot,  which  bears  secondary 
shoots  in  the  axils  of  its  leaves,  each 
having  two  flowers.  The  tough  bast- 
fibres  are  used  in  weaving  and  for  ropes; 
the  seeds  contain  a  great  deal  of  oil. 
Humulus  Lnpitlus,  the  Hop,  is  both  cultivated  and  found  wild.  The  stem, 
which  has  the  peculiarity  of  twining  to  the  right,  bears  its  leaves  in  pairs ;  each 


Fig.  380.—^  <J  flo\%er  of  tue  Hop  :  p 
the  perianth ;  a  stamens.  B  Part  of  $ 
inflorescence :  p  perianth  ;  /  ovary,  with 
two  Ktigmata  (n)  ;  each  flower  is  encIoHod 
in  its  bracteole  (d) ;  »  scale,  i.e.  one  of  the 
two  8tipul08,  from  the  common  axil  of 
which  the  branch  bearing  the  flowers 
springs. 
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leaf  has  a  pair  of  membranons  stipnles.  In  the  inflorescence  the  leaves  (bracts) 
are  placed  singly,  and  are  finally  represented  only  by  their  stipules.  In  the  ? 
inflorescence,  which  somewhat  resembles  a  fir-cone,  a  mdimentary  shoot  is 
present  in  the  common  axil  of  each  pair  of  stipales,  and  bears  two  flowers 
on  each  side  ;  it  seems  at  first  sight  as  if  two  flowers  were  developed  in  the  axil 
of  each  stipule  (Fig.  380  B).  All  the  scales  and  bracts  are  covered,  especially  on 
the  npper  snrface,  with  numerous  yellow  glands.  In  the  ^  infloxeacenoe  the 
shnot  which  bears  the  flowers  is  well  developed. 

Order  4.  Ulmaceje*  Ovarj  dimeroas,  sometimes  bilocular,  but 
generally  tinilocalar  by  abortion.  Ovule  suspended  and  solitary. 
Flowers  mostly  ambisporangiate,  with  a  4-6-partite  perianth 
(Fig.  381  A).  Woody  plants  devoid  of  milky  juice  :  leaves  alter- 
nate, with  caducous  stipules.  The  inflorescences  (glomerules)  are 
borne  directly  in  the  axils  of  the  leaves. 

In  the  genus  Ulmns  the  compact  dicha^ial  infloreseencea  are  developed  in  the 
axils  of  the  leaves  (either  persistent  or  deciduous),  of  tbe  previous  year,  and 
they  are  invented  by  bud -scales  -,  one  or  more 
flowers  are  developed  in  the  axil  of  each  of  the 
more  internal  scales  (bracts),  and  they  open  before 
tbe  unfolding  of  the  leaves.  The  ovary  is  some- 
times bilocular.  The  fruit  is  a  samara,  tbat  is, 
an  achene  with  a  broad  membranous  wing  (Fig. 
381  B).     The  leaves  are  alternate,  and   always 

oblique.     The  annual  shoots   have  no  terminal         «.        .^,      ^     .„ 

.     a         ,       .m       .  ,.  „  Fio.     881. ~i4     Flower    of 

bud,and8otheyformasympodium.    Two  species      ^,^„,  ,^^,.^    ^^^^^    ^ 

of  Elm  are  indigenous  in  England.     Xlbniu  earn-      bract ;  p  perianth ;  a  stamens. 

pMtrU,  the  common  Elm,  and    VlmuM  morUana,      B  Fralt  (samara)  (nat.  Piw») : 

the  broad-leaved  Wych,  or  Scotch,  or  Mountain      ~  ^^  membranous      margin 

Elm:   the  former  has  rather  slender  branches, 

leaves  with  distinct  petioles  and  crenate  serrate  margins,  somewhat  narrow  at 

the  base,  and  a  seed  which  is  above  the  centre  of  the  samara ;  the  latter  has  thick 

horizoiitally-spreiiding  branches,  leaves  with  very  short  petioles  and  doubly 

serrate  margins,  broad  at  the  base,  and  a  seed  which  is  central  in  the  samara. 

Crlim  awtiruiis,  from  Southern  Europe  and  C.  occidenialtM^  from  North  America, 

ai-0  often  cultivated  as  oruamental  tre^-s ;  their  flowers  are  polygamous,  and 

are  placed  sing  y  or  several  together  in  the  axils  of  the  oblique  accuminate 

leaves :  the  fruit  is  drupaceous. 

Cohort  TIL  Amentales.  Theflowers,  which  are  always  dicli- 
nous and  generally  moncBcious,  are  arranged  in  catkins  (amenta). 
The  perianth,  when  it  is  present,  consists  typically  of  5  {\\ 
segments  ;  or  it  may  deviate  fmra  the  type  so  as  to  consist  of  four, 
(i./*.  2  +  2),  or  six  (i.e.  3  +  3)  segments  :  the  stamens,  when  their 
position  can  be  determined,  are  superposed  on  the  segments  of  the 
perianth  for  the  reason  given  in  the  case  of  the  Urticales(see  p.  676). 
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The  ovary  is  either  superior  or  inferior,  di-  or  tri-merous,  with  few 
ovules.  The  frnit  (with  the  exception  of  Order  7,  the  Salicaceae) 
becomes  by  abortion  one-seeded,  and  is  indehiscent :  the  seed  has 
no  endosperm.  The  flowers  are  furnished  with  bracts  which  often 
form  investments  for  the  frnit :  their  arrangement  in  most  of  the 
orders  is  as  follows  ;  in  the  axil  of  a  scaly  bract  (the  bractfl  being 
arranged  spirally  in  the  amentum)  is  a  flower  (6)  with  two 
bracteoles  a  and  fi,  in  the  axil  of  each  of  which  is  another  flower 
with  two  more  bracteoles  a'  and  /S'  (Fig.  382).  The  plants  are 
trees  and  shrnbs. 

Order  1.  Betulaceji.  The  flowers  are  monoecions,  but  in  dif- 
ferent catkins.  The  ?  flowers  have  no  perianth  :  the  ovary  is 
bilocular,  with  two  ovules :  the  fruit  is  one-seeded,  indehiscent. 


Fig.  SS2.— Typical  diagrnm  of 
a  groap  of  flowers  in  the  Amen- 
tales :  d  bract ;  h  the  median 
flower  with  its  bracteoles,  a  and 
fi;  h'h"  the  two  lateral  flowers, 
with  their  bracteoles «'  and  p^. 


Fio.  S83.— il  Scale  from  a  ^  catkin  of 
Ainu*  ificana:  the  axillary  branch  adheres 
to  the  scale  («),  it  bears  four  bracteoles  and 
three  flowers :  two  of  the  flowers  are  seen 
laterally  (b'  b'),  the  median  one  from  above ; 
p  perianth;  a  stamens.  B  Bract  (s)  of  a  9 
catkin  of  the  same  plant :  its  axillary  branch 
bears  two  lateral  branches,  each  of  which 
bears  two  bracteoles  <v  v)  and  one  flower;  / 
the  ovary;  n  the  stigmata  (magnified  and 
diagrammatic) . 

without  any  investment :  the  bract  is  coherent  with  the  two  or  four 
bracteoles  (the  bracteoles  a'  are  always  absent)  to  form  a  three- 
or  five-lobed  scale,  which  does  not  adhere  to  the  fruit. 

Ainus,  the  Alder.  In  the  ^  amenta  three  flowers  with  four  bracteoles 
(a,  ^,  ^t  ^)  occur  in  the  axil  of  the  bract,  each  flower  having  a  perianth  of 
four  segments,  and  four  nnbranched  stamens.  In  the  $  aroeuta  the  medinn 
flower  is  absent ;  the  four  bracteoles  coalesce  with  the  primary  bract  (Fig.  383  B, 
V  8)  to  form  a  five-lobed  woody  scale  which  persists  after  the  fall  of  the  f i  ait 
which  is  not  winged.  The  <J  catkins  are  bome  terminally,  and  the  $  laterally 
on  the  highest  lateral  branch,  on  the  sboots  of  the  previous  year;  they  are  nut 
enclosed  by  bnd-scales  during  the  winter,  and  blossoming  takes  place  before 
the  unfolding  of  the  leaves.  The  leaves  liave  uf^ually  a  J  arrangement:  in 
d,  incafuit  the  White  Alder,  the  leaves  are  acuminate  and  gray  on  the  under 
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surface ;  in.  A.  glutino^a,  the  black  or  commoo  Alder,  they  are  obovate  or  even 
emarginate,  and  greea  on  both  surfaces.  In  Alnun  viridis,  the  mountain  Alder, 
onlj  the  ^  catkins  are  destitute  of  bud-scales  in  the  winter :  the  fruit  is  winged. 
Betula,  the  Birch.  In  both  kiuds  of  catkins  the  three  flowers  have  only  the 
bracteoles  a  and  /3.  In  the  ^  flowers  the  perianth  is  usually  incomplete,  and 
there  are  only  two  stamens,  the  filaments  of  which  are  forked.  In  the  $ 
catkins,  the  two  bracteoles  cohere  with  the  bract  to  form  a  three-lobed  scale 
which  falls  ofif  together  with  the  winged  fruit.  The  <J  catkins  are  borne  ter- 
minally on  the  shoots  of  the  previous  year,  and  are  not  covered  with  bud- scales 
during  the  winter ;  the  9  catkins  are  borne  terminally  on  lateral  dwarf-shoots 
which  have  only  a  few  leaves,  and  they  are  enclosed  by  bud- scales  during  the 
winter;  as  a  consequence,  flowering  takes  place  after  the  unfolding  of  the 
leaves.  The  shoots  of  successive  yeai  s  form  sympodia,  and  the  leaves  are 
aiTanged  spirally.  B,  verrucosa  has  white  glands  on  the  leaves  and  young 
shoots  :  B.  puhescens  has  no  glands,  but  the  shoots  are  hairy  ;  it  is  a  northern 
form  :  B.frutico»a  and  B.  nana  are  shrubn  occurring  in  high  latitudes :  B.  alba 
is  the  common  Birch. 


Order  2.  CoRTLACEiE.  Flowers 
monoecious,  in  (J  and  ?  catkins. 
The  (S  flowers  have  no  perianth ; 
that  of  the  ?  flower  is  rudi- 
mentary. The  inferior  ovarj  is 
bilocnlar ;  one  locnlns  is  sterile, 
the  other  contains  two  sus- 
pended anatropoas  ovnles:  the 
fruit  is  one- seeded  and  indehis- 
cent  (a  nnt).  Two  flowers  are 
borne  in  the  axil  of  the  bract  of 
the  ?  catkin,  the  median  flower 
being  absent.  The  one-seeded 
fruit  is  surrounded  by  a  leafy 
investment  (en pule)  formed  by 
the  three  bracteoles  (a  o^jS^  and 
fi  a^  P^  respectively,  Fig.  382)  of  each  side.  In  the  ^  catkin  the 
median  flower  only  is  developed :  the  filaments  of  the  stamens  are 
deeply  forked. 


Fia.  S8t.— illniu  fflutiiiMo.  A  Branch 
bearing  catkins  (in  winter).  B  a  group  of 
^  flowers  (from  above).  C  The  same  after 
removal  of  flowers  Oateral  view).  B  Group 
of  9  flowers,  seen  from  within.  F  The 
same  after  the  removal  of  the  flowers.  O 
a  scale  from  the  $  catkin :  b  bract ;  a,  /3,  /i' 
bracteoles. 


In  Corylus,  the  Hazel,  the  ?  catkin  resembles  a  bud,  since  the  external 
sterile  bracts  have  the  same  structure  as  the  bud-scales  (Fig.  385  B) ;  the  red 
stigmata  p' eject  at  the  top;  the  investment  of  the  fruit  is  ii-regularly  cut;  a 
small  p>  ejection  is  formed  on  the  fruit,  the  nut,  by  the  remains  of  the  epigynous 
perianth.  Each  bract  of  tho  ^  amentum  bears  two  bracteoles  a  and  /?,  and  a 
flower  consisting  of  four  forked  stamens  (Figs.  885-6).  Both  kinds  of  amenta 
are  placed  in  the  axils  of  the  leaves  of  the  previous  year,  and  are  not  euclosed 
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by  scales  during  the  winter ;  bence  flowering  takes  plnce  befor«>  the  unfolding 
of  the  leaves.  Leaves  distichous.  C  AveVana  is  the  common  Baz»l ;  a 
variety  of  C.  tubulosa^  with  red  leaves,  the  Purple  or  Blood  Hazel,  is  cultivated 
as  an  ornamental  shrub. 

In  Carpinus,  the  Hornbeam,  the  fruit  haa  a  three-lobed  cupnle  (Fig.  887), 
the  fruit  is  ribbed  and  is  surmounted  by  the  perianth.  The  bract  of  the  ^ 
catkin  bears  4-10  deeply  forked  stamens ;  there  are  no  bracteoles.  The  catkins 
of  both  kinds  are  borne  at  the  apex  of  short  leafy  shoots  of  the  same  year, 
hence  flowering  takes  place  after  the  unfolding  of  the  leaves.  Leaves  distichous. 
The  annual  shoots  form  sympodia.  C.  Betultu  has  an  irregular  stem  and 
serrate  leaves  which  are  plicate  along  the  lateral  veins.  Li  Ostrya  (Southern 
Europe)  the  investment  of  the  fruit  is  an  open  tube. 


Fie.  386.— CoryliM  AveOana^  A 
Flowering  branch.  JB  i  flower 
with  ito  bract.  C  Bract  after  the 
remoral  of  the  anthers.  F  Oronp 
of  9  flowers  seen  from  within: 
b  bract. 


Fro.  385.— C^rylitt  Avellanm,  A  Bract  (•)  of  a 
6  catkin,  with  a  i  flower:  stamens  (/),  and 
anthers  (a).  B  9  catkin :  the  lower  bracts  (s) 
have  no  flowers :  the  stigmata  (n)  project  above. 
C  A  single  9  flower  sorroonded  by  the  cnpnle 
(bracteolesjt  (o),  with  two  stigmata  (a)  (mag. 
and  diag.) 

Order  3.  Fagaceji.  Flowers  mono&cioas,  with  a  perianth  of 
five  or  six  segments.  Ovary  inferior,  trilocnlar,  with  two  ovules 
in  each  local  as;  ovules  anatropons,  ascending  or  suspended;  the 
fruit  is  one- seeded  and  indehiscent  (a  nut);  it  is  invested  by  a 
cupnle  formed  probably  by  the  connate  bracteoles  a'  ^  a!  p  (Fig. 
382),  and  having  its  surface  covered  with  scales,  prickles,  etc. 
The  filaments  are  not  forked. 

In  Quercus,  the  Oak,  the  S  catkins  are  loose ;  each  bract  bears  a  single 
flower  in  its  axil  without  bracteoles :  the  perianth  is  5-7  lobed,  and  the  stamens 
from  5-10  or  indefinite  (Fig.  388  A).  There  is  a  single  flower,  the  median  one, 
in  the  axil  of  each  bract  of  the  9  catkin ;  thus  the  cupule  iuvests  only  a 
single  fruit,  and  forms  the  so-called  cup  at  its  base.  The  leaves  are  developed  in 
I  order,  and  are  aggregated  towards  the  apices  of  the  annual  shoots  ;  the  annual 
shoots  are  always  terminal.    The    3   catkins  are  borne  in  the  axils  of  the 
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uppermost  bad-soales  (pairs  of  stipules)  on  both  long  and  dwarf-shoots  of  the 
same  jear ;  the  $  catkins  in  the  axils  of  the  foliage-leaves  of  the  terminal 
shoots :  flowering  takes  place  shortly  after  the  unfolding  of  the  leaves.  The 
ovules  are  ascending.  The  hypogean  cotyledons  remain  enclosed  in  the  testa 
during  germination.  Quercus  Robur  is  the  English  species,  of  which  there  are 
two  varieties,  Quercu$  peduneulata  and  Queretis  tetsilijlora :  the  former  has 
elongated  9  catkins,  so  that  the  fruits  are  widely  separated  from  each  other, 
and  its  pinnately  lobed  leaves  are  shortly  stalked  and  cordate  at  the  base : 
the  latter  has  compact  $  catkins,  so  that  the  fruits  form  a  cluster,  and  its 
leaves  have  longer  petioles,  and  are  narrowed  at  the  base.  Qturcut  Snber  is 
the  Cork-Oak  of  Southern  Europe.  There  are  also  several  North  American 
species. 

In  FagUB,  the  Beech,  the  catkins  of  both  kinds  are  stalked  dichasial  dusters, 
borne  each  in  the  axil  of  a  foliage-leaf.  The  flowers  have  no  bracts,  or  bracteoles, 
except  the  ocpule  of  the  $  flower.    The  flowers  of  the  pendulous  ^  catkin  are 


Fie.  387.  -  Fruit  of 
Cnrpiiiu$  Betulnt  with 
three-lobed  capale. 


Fro.  988.— Quercun  peduneulata,  A  S  floworrangnifled : 
T  perianih ;  a  Htameus.  B  9  flower  maf^nifled :  d  bract ;  o 
en  pule;  p  the  epigynous  perianth;  g  the  Bt}\e;  n  the 
stigma.  C  The  aame,  Btill  more  magnified,  in  longitudinal 
BeoLion ;  /  ovary  ;  •  ovulet. 


closely  packed ;  they  have  a  perianth  of  4-7  segments,  and  8-12  stamens.  The 
erect  ?  catkin  consists  of  two  flowers  only,  which  are  invested  by  a  tetramerous 
cupule.  The  cupule  is  covered  with  hard  bristles,  and  when  ripe  splits  into  four 
valves  to  allow  the  two  triquetrous  fruits  to  escape ;  each  fruit  bears  at  its  apex 
a  bmsh-like  remnant  of  the  perianth.  The  ovules  are  suspended.  The  $ 
inflorescences  are  borne  on  erect  axes  in  the  axils  of  the  leaves  of  the  apical 
shoot  of  the  same  year,  the  S  on  pendolous  axes  springiuft  from  the  axils  of 
the  lower  leaves  of  the  shoot.  Leaves  distichous,  approaching  each  other  on 
the  under  surfaces  of  the  shoots,  their  axillary  buds  approaching  each  other  on 
the  upper  surface :  the  winter  buds  are  elongated  and  pointed.  The  epigean 
cotyledons  escape  from  the  seed  on  germination.  Fagnn  tylvatica  is  the 
common  Beech  :  varieties  with  tinted  leaves,  such  as  the  Purple  Beech  and  the 
Copper  Beech,  are  commonly  cultivated. 
In  Castanea,  the  edible  or  Spanish  Chestnut,  some  of  the  catkins  consist  at 
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their  lower  part  of  $  flowers  and  at  their  upper  of  ^  flowers,  whilst  others 
have  only  ^  flowers.  In  the  axil  of  each  hraot  there  are  usually  either  seveu 
^  or  three  9  flowers :  the  latter  are  invested  by  the  bracteoles  a  and  /9,  and 
by  a  oupnle  formed  by  the  other  four  bracteoles ;  the  eupule,  which  is  covered 
with  prickles,  completely  encloses  the  frait  until  it  is  ripe,  when  it  splits  into 
four  valves.  Both  kinds  of  catkins  are  formed  in  the  axils  of  leaves  of  shoots 
of  the  same  year,  the  mixed  catkins  being  nearer  to  the  apex  than  the  S  ones. 
The  ovules  are  suspended.  The  leaves  are  arranged  spirally  on  vigorous  shoots  ; 
they  are  distichous  on  the  less  vigorous  lateral  shoots.  C,  vulgaris,  from 
Southern  Europe,  is  cultivated  in  parks ;  it  has  undivided  toothed  leaves. 


Order  4?.  Jcglandace^.  Flowers  monoecions,  the  two  kinds  of 
flowers  being  contained  in  distinct  catkins.  Each  bract  bears  in  its 
axil  a  single  flower  with  two  bracteoles.  The  ?  flower  has  usually 
a  perianth :  the  inferior  ovary  is  dimerous,  and  encloses  a  single 
erect  orthotropous  ovule.  The  (J  flowers  ai'e  usually  borne  on  the 
bract ;  they  may  or  may  not  have  a  perianth,  and  the  stamens  are 

indefinite  (Fig.  389  A  ) .  The 
fruit  is  drupaceous;  the 
leaves  arc  pinnate,  and,  like 
the  flowers,  they  are  aro- 
matic. 

In  Juglans  the  ^  catkins  are 
borne  o»  the  apices  of  the  leafless 
shoots  of  tlie  previous  year,  and 
the  few-flowered  9  catkins  on  the 
apices  of  the  leafy  shoots  of  the 
same  year.  The  bi  acteoles  of  the 
?  flowers  (Fig.  389  /)  grow  up 
around  the  ovary.  The  succulent  mesocarp  is  tbin,  and  ruptures  irregularly ; 
tbe  hard  endocarp  opens  on  g^rmination  along  the  line  of  junction  of  the  two 
carpels,  and  then  the  incurved  margins  of  the  carpels  are  seen  as  an  incom- 
plete longitudinal  septum  projecting  between  the  two  cotyledons  of  the  embrvo 
which  is  closely  invested  by  the  endocarp.  J,  regia,  the  Walnut  Tree,  is  a 
native  of  Southern  Europe  :  in  North  America,  J.  cinerea  and  t/i<7ra  occur;  also 
various  species  of  Carya,  the  Hickory,  remarkable  for  its  very  hard  wood* 


Fie.  S89.— il  Bract  of  the  6  catkin  of  JugXant 
nigra  bearing  a  flower :  p  perianth  and  brocteules; 
•  stamens  ;  e  axis  of  the  catkin.  B  $  flower 
of  the  same  plant :  I  bracteoles  j  c  perianth ;  m 
stigmata  (magnified). 


Order  5.  Mtricacej:.  Trees  or  shrubs ;  the  flowers,  which  are 
diclinous  and  sometimes  dioecious,  are  arranged  in  catkins  ;  perianth 
absent.  The  ovai^y  is  dimerous  and  unilocular,  with  one  erect 
orthotropous  ovule. 

Myrica  Gale^  the  Bog-Myrtle,  is  a  shrub  occurring  on  moors.  3f.  cerifera, 
belonging  to  North  America,  secretes  a  quantity  of  wax  on  its  drupaceous 
fruits. 
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Order  6.  CisuARiNACEiE.  Trees  having  sooiewhat  the  appearance 
of  Horse-tails  (Eqnisetum),  with  long  channelled  internodes,  and 
leaves  forming  a  toothed  sheath.  The  moncecions  flowers  are  in 
distinct  catkins;  the  ^  flowers  consist  of  a  single  axial  stamen 
(see  p.  78)  and  two  perianth-loaves :  the  ?  of  a  dimerous  uni- 
locular ovarj  invested  by  two  bracteoles,  which,  when  ripe,  are 
hard  and  woody  ;  the  whole  9  catkin  then  resembles  a  pine-cone : 
ovules,  generally  two,  orthotropus,  ascending.  (For  peculiarities 
of  fertilisation,  etc.,  see  p.  528.) 

Several  species  of  Casuarina  are  indigenous  in  Australia. 

Order  7.  Salicacej;.  The  dioecious  flowers  are  arranged  in 
amenta,  and  they  are  borne  in  the  axils  of  the  bracts  without  any 
bracteoles.  There  is  no 
perianth,  but  each  flower 
contains  a  glandular  disc 
or  nectary.  The  ovary  is 
dimerous  and  unilocular, 
and  contains  a  number  of 
parietal  ovules.  The  de- 
hiscence of  the  fruit  is 
loculicidal ;  the  numerous 
seeds  are  furnished  with 
a  pencil  of  silky  hairs  at 
th_eir  bases  (p.  459).  The 
(iatkins  are  developed  at  the  ends  of  lateral  dwarf-shoots  which 
always  bear  scales  or  even  a  few  foliage-leaves. 

Salix,  the  Willow  or  Sallow,  has  entire  bracts,  a  one  or  two- toothed  nectary 
in  each  flower,  and  usually  two  stameus,  entire  shortly- stalked  leaves,  and  its 
winter-buds  are  covered  by  a  scale  which  is  formed  by  the  coalescence  of  two. 
The  shoots,  which  grow  throughout  the  summer,  die  down  yearly.  Some  species, 
such  as  S,  alba^fragi^is,  and  babylonica^  the  Weeping  Willow,  have  pendulous 
branches,  and  are  arborescent :  most  of  them  are  shrubby,  and  some,  f>uch  as 
S,  reticulata,  rettua,  and  herbaeca  are  small  decumbent  shrubs  occurring  in  the 
Alps  and  in  high  latitudes.  In  S.  purpurea  and  incana  the  two  stamens  are 
connate  :  S.  triandra  has  three  stamens.  Most  of  the  species  grow  on  tlie  banks 
of  rivers ;  S,  aurita  and  caprea  in  forests,  and  S.  repeiis  and  others  on  moors. 

Populus,  the  Poplar,  has  toothed  or  lobed  bructR,  a  cup-shaped  nectary  (Fig. 
890  C,  ;>),  and  numerous  (4-iiO)  htameuR  ;  the  leaves  are  often  lobed  and  have 
long  petioles ;  the  wiuter-bu<ls  are  enclo^^ed  by  a  number  of  scales ;  the  shoots 
have  a  terminal  bud.  In  the  Section  Leuce  the  young  shoots  are  pubescent, 
and  the  buds  are  not  viscid ;  the  <J  flowers  have  usually  only  from  4-8  stamens, 
and  the  stigmata  have  2-4  lobes  :  to  this  section  belong  F,  alba,  the  White 


Fio.  390.— il  <J,  B  9  flower  of  Salix:  d  bract; 
h  disc;  a  stamexis;  /  ovary;  n  stigmata  (en- 
larged). C  Dehiscent  fruit  of  the  Poplar:  •  seeds; 
pdisc. 
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Poplar  or  Abele.  with  flve-lobed  leaves  on  the  elongated  shoots,  which  are  white 
and  woolly  beneath ;  and  P.  Tremula,  the  Aspen,  with  sinaate-serrate  leaves, 
glabrous  beneath,  which  are  versatile  on  the  long  slender  and  compressed 
petiole,  and  which  are  therefore  very  readily  set  in  motion  by  the  wind.  In  the 
Section  Aigeiros,  the  yonng  shoots  and  the  buds  are  viscid  and  glabroas ;  the 
bracts  are  glabroas,  and  the  number  of  stamens  is  nsually  from  16-30 ;  the 
stigmata  are  entire  or  shortly  lobed  :  to  this  section  belong  P.  nigra,  the  Black 
Poplar,  and  a  variety  with  erect  branches,  the  Lombardy  Poplar  ;  of  the  latter, 
only  ^  individuals  are  usually  cultivated.  In  the  Section  Tacamahaoa,  the 
young  shoots  and  bods  are  viscid ;  the  leaves  grey  below,  with  compressed 
petioles  ;  and  the  stamens  20-30 :  to  this  section  belongs  P.  haUamifera  of 
North  America  and  Siberia. 

Cohort  IV.    Proteales.    Characters,  those  of  the  natural  order. 

Order  1.  Protkace^.  Affinities  doubtful.  Flowers  arabispor- 
angiate ;  the  very  short  stamens  are  superposed  on  the  four  seg- 
ments of  the  simple  perianth,  and  are  adnate  to  them  (Fig.  391 B) : 


Fio.  S81.— Flower  of  Ifany'^tta  ylabrafa.    A  Before  Fro.  a93.—Flnwer  of  Cbeoo* 

oprninff.    B  Open :  p  segment  of  the  perianth ;  a  podium    (enlarged) :    I  peii> 

anther;  n  stigma.    C  Orary  (below) in  lon«itndiniAl  antb;   a  stamens  j  /  ovary; 

section  ;  0p  gynophore.      D  Transverse  section  uf  «  stigma, 
the  ovary.    S  Ripe  fruit.    (After  Sachs.) 

when  the  flower  opens,  the  tube  of  tlie  perianth  often  becomes  still 
more  deeply  cleft :  the  superior  raonomerous  ovary  is  nsually 
borne  upon  a  prolongation  of  the  axis  (Fig.  391  0,  gp) :  ovules  one 
or  more,  ascending :  seeds  without  endosperm. 

Protea,  Grevillea,  Manglesia,  and  others  occur  mostly  in  South  Africa  and  in 
Australia. 

Cohort  V.  Chenopodiales.  Flowers  usually  ambisporangiate^ 
perianth  sepaloid  or  petaloid  :  ovary  monomerous  or  polymerous  ; 
ovule  usually  solitary ;  embryo  coiled  or  curved :  ripe  seed  con- 
tains perisperm,  but  no  endosperm. 


GROUP  lY. — ^PUANBROGAMIA :   DICOTYLEDONES  :   MONOGHLAMTDEA.   587 

This  cohort  is  sometimes  placed,  though  apparently  without  sufficient  reason, 
in  the  sub-class  Thalamidorie  close  to  the  Garyophyllaceie,  with  which  order  it 
is,  however,  connected  by  the  Phytolaccaceie. 

> 

Order  1.     Chenopodiaceje.     Flowers  small,   united    to   form   a 

dense  inflorescence:  the  bracteoles  are  frequently  suppressed. 
Stamens  typically  equal  in  number  to  and  superposed  on  the 
usually  four  (2  +  2)  or  five  (f )  free  or  connate  sepaloid  perianth- 
leaves  for  the  same  reason  as  in  the  Urticales  (p.  576)  (Fig.  392). 
Ovary  usually  medially  dimerous  and  unilocular,  with  a  single 
campylotropous,  erect  or  horizontal,  basal  ovule.  Stipules 
wanting. 

Chenopodiian  album,  the  Qoose-foot,  and  C.  Bonus  Henriciu,  the  All-good, 
are  common  weeds  on  garden-ground  and  waste  land.  Spinacia  oleracea  is 
Spinach,  cultivated  as  a  vegetable.  Beta  vulgarit  is  cultivated  under  the  var. 
Cicla  (Mangold) ;  B.  altissima  is  the  species  used  in  the  manufacture  of  sugar, 
and  B.  rubra  is  the  red  Beetroot ;  B.  maritima  is  the  wild  Beet.  Salsola,  the 
Stlt-wort,  and  its  allies,  Suieda,  the  Sea-blite,  and  Salicornia,  the  Marsh- 
Samphire  or  Glass -wort,  with  fleshy  stems  and  leaves,  are  conspicuous  in  the 
Y«>getation  of  the  sea-shore.    Atriplex,  the  Orache,  is  the  other  British  genus. 

V  Order  2.  Amaiiantacej!.  The  flowers  have  the  same  structure 
as  those  of  the  preceding  family:  they  usually  have  bracteoles 
which  are  frequently  petaloid :  perianth  sometimes  petaloid :  ovary 
unilocular,  apparently  di-  or  tri-merous :  ovule  solitary  and  basal, 
but  in  some  cases  (Celosia)  the  ovules  are  numerous.  Stipules 
absent.     The  flowers  usually  form  dense  inflorescences. 

Species  of  Amarnntus  and  Celosia  (Gock*s-comb),  the  latter  having  a  mon- 
stroas  floral  axis,  are  well  known  as  ornamental  plants.  AuiaraiUus  Bliiuni  is 
found  wild  in  Britain. 

^  Order  3.  Phytolaccacej!.  The  flowers  have  a  simple,  gener- 
ally 5-leaved,  perianth  which  is  often  peta-  ^ 
loid,  and  there  are  frequently  two  regularly 
alternating  whorls  of  stamens  ;  when  there 
is  but  one  whorl  of  stamens  they  are  some- 
times superposed  on  the  perianth -leaves 
(Micro tea)  ;  the  number  of  the  stamens  in 
one  or  both  whorls  is  in  many  cases  doubled 

(Fig.  393):    the  number  of  carpels  varies        p,«.  393 -Diwrram  of  the 
very  much  ;  when  the  ovary  is  polymerous      flower  of  Phytolacca  deoan- 
it  is   maltilocular,    each    loculus    contain-      *''*• 
ing  a  single  ascending  ovule.     Stipules  occasionally  present. 
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The  juice  of  the  berries  of  Phytolacca  decandra^  a  native  of  North  America,  ia 
used  as  a  colouring-matter  in  the  manufacture  of  wine  and  in  other  processes. 

Y  Order  4.  NycTAGiNACEJE.  Perianth  a  simple  whorl,  petaloid, 
gamophyllous,  5-leaved ;  the  basal  portion  persists  as  an  investment 
to  the  frait,  often  becoming  succulent  or  woody :  stamens  in 
greater  or  smaller  numbers  (1-30) ;  when  isomerous  they  usually 
alternate  with  the  perianth-leaves,  but  are  sometimes  opposite  to 
them  (Colignonia)  :  ovary  monomerous,  unilocular,  with  one  basal 
cam pylotro pons  ovule ;  the  flowera  are  surrounded  by  an  involucre 
or  epicalyx  of  3,  6,  or  many  bracts,  enclosing  1,  3,  or  many  flowers. 

Mirahilii  Jalapa,  the  Marvel  of  Peru,  is  an  ornamental  plant  from  America  ; 
the  roots  are  often  substituted  for  those  of  the  true  Jalap.  Whilst  generally 
Bepaloid,  the  involucre  is  petaloid  in  Bougainvillea  where  it  encloses  three 
flowers,  and  in  Tricycla  where  it  encloses  but  one :  in  the  latter  case,  as  the 
single  flower  appears  to  be  terminal,  the  involucre  may  be  more  correctly  des- 
cribed as  an  epicalyx  of  braoteoles  (see  p.  494).  The  embryo  of  Abionia  is 
paeudo  -  monoooty  ledono  u  8. 

Cohort  VI.  Asarales.  Affinities  doubtful.  Flowers  mono-  or 
ambi-spoi-angiate :  ovary  inferior  :   ovules  numei'ous. 

Order  1.  Aristolochiacej;.  Flowers  3-6-merous,  ambisporan- 
giate :  perianth  of  three  connate  petaloid  segments  foi*ming  a  three- 
lobed  tube  :  stamens  6  or  12,  with  extrorse  anthers :  ovary  usually 
6-locular,  with  numerous  ovules  in  two  longitudinal  rows  along  the 
inner  angles  of  each  locnlns.  The  minute  embryo  is  enclosed  in 
the  copious  endosperm.  They  are  herbs  or  shrubs,  often  climbing, 
with  large  leaves. 

In  Amntm  fiirop<Bum  (Asarabacca)  the  three  lobes  of  the  perianth  are  eqnal ; 
altcruatiug  with  them  are  three  scales  which  probably  represent  a  corolla  :  the 

twelve  stamens  (apparently  in  two  whorls) 
are  free,  and  the  connective  is  produced  (Fig. 
394).  The  annual  shoots  of  the  creeping  stem 
bear  four  cataphyllary  leaves,  two  large  petio- 
late  reniform  foliage-leaves,  and  a  terminal 
flower.  The  lateral  branches  spring  from  the 
axils  of  the  uppermost  folinge-leaf  and  of  the 
Bcalen.  In  Aristolocliia,  the  Birthwort  (see 
Fig.  203,  p.  456),  the  limb  of  the  perianth  is 
obli(]uuly  lipped  ;  the  six  anthers  are  sessile 
and  aduate  to  the  short  style  (see  p.  518). 

_         „.       ,  A.  Sif'ho  is  a  climber  frequently  cultivated: 
Fio.      3M.  — Alarum    europceum.  *  •' 

Lonmiudinal  section  of  the  Hower  ^'    *  U'matUis,    though    not    indigenous,    is 

(iimg.)i  V  perianth.    (After  SMObH.)  found  wild  in  Britain,  generally  on  ruins ;  the 
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flowers  of  the  latter  occur  nsnally  several  together  in  the  axils  of  the  leaves, 
and  those  of  the  former  in  pairs,  one  above  the  other,  together  with  a  branch, 
in  tbe  axils  of  the  leaves  of  the  shoot  of  the  previous  year. 

The  presence  in  Asarum  of  what  is  apparently  a  corolla  renders  the  position 
of  this  order  among  the  MonoohlamydesB  rather  doubtful. 

Order  2.  Cytinacejs.  Parasites  devoid  of  chlorophyll  and  with- 
ont  foliage-leaves,  with  a  usaally  deformed  vegetative  body,  and 
either  solitary  flowers  of  remarkable  size,  or  small  flowers  in  a 
compact  inflorescence.  Flowers  of  various  structure,  mono-  or 
ambt-sporangiate :  perianth  campannlate :  the  stigmata  and  anthers 
are  borne  on  a  central  column:  ovary  generally  unilocular:  ovules 
very  numerous,  having  generally  one  or  two  integuments :  embryo 
rudimentary :  seed  with  or  without  endosperm. 

Snb-order  1.  Gytineje.  Flowers  monosporangiate.  Cytintu  HypocUtis  is 
parasitic  on  the  roots  of  Cistus  in  Soathern  Europe ;  another  species  occurs  in 
Mexico,  and  another  in  Soath  Africa. 

Snb-order  2.  Htdnobka.  Flowers  ambiRporangtnte.  Hydnora  is  parasitic 
on  the  roots  of  Euphorbife,  etc.,  in  Soath  Africa  ;  Prosopanche  is  parasitic  on 
the  roots  of  Prosopis  in  South  America :  the  seed  contains  both  endosperm  and 
perisperm. 

Sub-order  3.  Ratflesiea.  Rafflesia  and  Brugmansia  are  parasitic  on  the 
roots  of  AmpelidacesB  and  Leguminosie  in  the  Malay  Archipelago :  Pilostyles 
belongs  to  tropical  South  America.  Raffie»ia  Artioldi  is  conspicuous  for  tbe 
enormous  size  of  its  flower.     Brugmansia  has  ambisporangiate  flowers. 

Cohort  VII.  Santalales.  Parasitic  plants:  leaves,  when 
present,  entire :  stamens  equal  in  number  to  the  leaves  of  the 
perianth  and  superposed  upon  them :  ovary  inferior,  unilocular ; 
ovules  usually  devoid  of  integument. 

Order  1.  Santalacejb.  Parasites  provided  with  chlorophyll : 
flowers  generally  ambisporangiate  :  ovules  1-4,  suspended,  upon  a 
free  central  placenta  :  penanth  3-5-lobed ;  fruit  a  nut  or  drupe  : 
seed  with  endosperm. 

The»iuin  linophyllum,  the  Bastard  Toad-flax,  is  an  indigenous  plant  which  is 
parasitic  on  the  roots  of  other  plants.  The  leaves  are  narrow  and  linear.  The 
bracts  of  the  flowers,  which  are  disposed  in  racemes,  are  usually  placed  high  up 
on  the  pedicels,  close  under  the  flowers,  and  in  most  of  the  species  constitute 
with  the  bracteoles  a  three-leaved  epicalyx.  The  stamens  are  filiform,  inserted 
at  the  base  of  the  lobes  of  the  perianth.  The  perianth  is  persistent,  remaining 
curled  up  at  the  apex  of  the  indehiscent  frait  (Fig.  395  B).  Santalum  albums 
an  East  Indian  tree,  yields  Sandal-wood. 

Order  2.  LoRANTHACEiE.  Parasites  provided  with  chlorophyll : 
flowers  mono-  or  ambi-sporangiate  ;  sometimes  dioecious  :  perianth 
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of  4, 6,  or  8  leaves :  ovary  l-2-ineroii8 :  in  tbe  free  central  placenta, 
which  becomes  more  or  less  closely  adherent  to  the  wall  of  the 
ovary,  are  developed  several  embryo-sacs,  each  of  which  probably 
represents  an  ovule,  bat  nsaally  one  only  is  fertile :  frait  a  berry : 
seed  generally  with  endosperm. 

Viteum  albunit  the  Mistletoe,  is  parasitic  on  various  trees,  forming  oonspioaoua 
evergreen  bunches.  The  stem  bears  a  pair  of  opposite  leaves  (Fig.  896  b  b), 
from  the  axils  of  which  new  branches  spring,  each  bearing  a  pairof  cataphyllary 
leaves  and  then  a  pair  of  foliage-leaves,  while  the  main  axis  ceases  to  grow,  or 
produces  a  terminal  inflorescence,  consisting  of  three  flowers  (Fig.  896  h  f) : 
branches  or  inflorescences  may  also  spring  from  the  axils  of  the  cataphyllary 
leaves.  The  flowers  are  dioecioas.  The  frait  is  a  one-seeded  berry  with  a  viscid 
pericarp,  by  means  of  which  the  seeds  become  attached  to  trees,  and  thus  effect 
the  distribution  of  the  plant.  The  ^  flowers  have  moltilocolar  sessile  anthers 
which  are  inserted  (Fig.  896  B  a)  upon  the  leaves  of  the  perianth.  Lorantkut 
europau$  oocars  upon  Oaks  in  Eastern  Europe. 


Fio.  895.— -4  Flower  j  B  fruit 
of  Therium  montanum : /ovary ; 
p  perianih ;  t  stamena ;  n  stigma 
(enlarged). 


Fie.  395.— ii  Terminal  shoot  of  a  9  pl*nt  of  the 
Mistletoe,  Vuevm  dlhum :  t  stem ;  b  h  leasee  ;  h  k 
axillary  bads ;  /  three  $  flowers  with  the  frait  aet ; 
h  braotv.  B  6  flower  (mag.)  p  perianth ;  a  anthers 
adherent  to  the  leaves  of  the  perianth. 


Order.  3.  Balanopuoracej;.  Parasites  devoid  of  chlorophyll 
and  without  foliage- leaves,  with  a  deformed  vegetative  body. 
Flowers  dioecious  or  monoecious,  in  many-flowered  inflorescences. 
The  staminate  flowers  have  usually  a  3-4-lobed  perianth.  The 
carpellary  flowers  have  usually  no  perianth,  and  consist  of  a  one- 
seeded  ovary  of  1-3  carpels :  the  ovule  is  suspended,  and  it  fre- 
quently adheres  closely  to  the  ovary  ;  an  integument  is  present  in 
Cynomoriom.     The  embryo  is  yery  small. 

Balanophora  inhabits  the  tropics  of  Asia,  Lophophjtam  and  others  those  of 
America;  others  (Mya  trope  talon,  Sarcophyte)  inhabit  tropioal  Africa;  Cyna- 
morium  eoceineum  is  found  in  the  Mediterranean  region. 
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SUB-CLASS  n.     POLYPETAL^. 

Flowers  usually  ambisporangtate :  perianth  usually  consisting 
of  calyx  and  corolla,  the  petals  being  free. 

SERIES   I.    THALIMIFLOB^. 

Sepals  usually  free :  petals  often  indefinite :  stamens  hypo- 
gynous,  often  indefinite :  gynaeceum  apocarpous  or  syncarpous. 

Cohort  I.  Ranales.  Flowers  generally  acyclic  or  hemicyclic : 
perianth  consisting  of  calyx  only,  or  of  calyx  and  corolla :  stamens 
usually  indefinite :  gynseceum  apocarpous,  sometimes  reduced  to  a 
single  carpel ;  very  rarely  syncarpous,  with  a  multilocular  ovary. 
Seed  with  or  without  endosperm. 

Order  1.  Ranunculacejb.  Perianth  either  consisting  of  a  petaloid 
calyx,  or  of  calyx  and  corolla,  usually  spiral :  stamens  numerous, 
occupying  several  turns  of  the  spiral,  or  arranged  in  several  alter- 
nating whorls;  anthers  usually  with  lateral  dehiscence,  sometimes 
extrorse  or  introrse  :  carpels  numerous,  spirally  arranged ;  rarely 
one  only;  the  ovules  are  disposed  on  the  connate  margins  of 
each  carpel,  that  is,  in  two  rows  down  the  ventral  suture;  in 
several  genera  the  number  of  the  ovules  in  each  ovary  is  red  uced 
to  one,  which  then  originates  from  either  the  upper  or  the  lower  end 
of  the  cavity  of  the  ovary :  seed  with  endosperm.  They  are  almost 
all  herbaceous  plants,  and  ai*e  either  annuals  or  they  have  perennial 
rhizomes ;  they  have  no  stipules,  but  they  have  amplexicaul  leaves. 

Tribe  1.  Anemonea.  Petals  generally  replaced  by  stamens :  sepals  frequently 
petaloid :  ovaries  numeroas,  each  containing  a  single  suspended  or  ascending 
anatropous  ovule  ;  fruit  consists  of  a  number  of  achenes. 

The  genus  Clematis  consists  of  shrubs  which  creep,  or  climb  by  their  petioles, 
and  have  opposite  leaves,  and  a  petaloid  usually  valvate  calyx.  CUmati$ 
Vitalba,  the  Old  Man's  Beard,  is  common  in  hedges ;  it  has  a  greenish-white 
calyx,  and  fruits  with  long  feathery  styles  ;  C,  Viticella,  patent,  and  others  are 
cultivated  as  decorative  plants.  Atragene  alpina,  occurring  in  the  Alps  and  in 
Siberia,  has  its  external  stamens  converted  into  petaloid  stamioodes. 

Thalictrum ;  the  species  of  this  genus,  as  T,  majwi,  nUntu,  flavum^  and 
alpinum,  the  Meadow-Bues,  have  stems  well  covered  with  leaves,  and  flowers 
with  an  inconspicuous,  fugacious,  4-5-leaved  calyx,  and  a  flat  receptacle. 

Anemone  has  an  hemispherical  receptacle  (Fig.  897  A  f),  and  a  petaloid, 
usually  6-6-leaved  calyx.  In  most  of  the  species  the  underground  rhizome 
elongates  into  an  erect  scape  which  bears  a  single  whorl  of  three  bracteoles  form- 
ing an  epicalyx  (p.  494),  beneath  the  terminal  flower.  In  A,nemoro8a,  ranun- 
euloidet,  and  others,  these  bracteoles  resemble  the  foliage- leaves,  and  often  bear 
flowers  in  their  axils ;  but  in  A.  PuUatUla,  and  others,  they  differ  from  the  foli- 
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age-leaves  in  that  they  are  palmatifid  (Fig.  897  Ah);  in  A,  Hepatiea^  in  whieh 
the  soapes  spring  from  the  axils  of  cataphjllary  leaves,  the  three  braoteoles  are 
simple  and  lie  so  closely  under  the  petaloid  calyx  that  at  first  they  appear  to 
he  the  oalyx  of  the  flower. 

Myoturui  minimus  (Mouse-tail)  has  a  very  long  cylindrical  receptacle,  bearing 
the  indefinite  spirally  arranged  carpels :  stamens  4-14 ;  the  5  sepals  are  spurred. 
Adonis,  the  Pheasant's  Eye,  has  completely  acyclic  flowers ;  sepals  5,  petals  8 
or  more,  not  glandular  at  the  base ;  stamens  and  carpels  indefinite,  arranged  in 
^  order :  A.  autumnali$  is  the  species  which  occurs  in  England. 

In  Ranunculus,  the  calyx,  which  is  not  petaloid,  consists  of  6  (})  sepals,  and 
the  corolla  of  5  imbricate  petals  which  alternate  with  the  sepals  and  have  a 


^  'itt^r 


Fio.  397.  —  Flow^n  of  PnnnncnlACoei;  t  pedancle;  k  sepnls;  e  petals;  a  staraens; 
/  ovary;  n  stigma  (all  of  natural  size  or  slightly  magnified).  A  Flower  of  Anemone 
PaUatilla  in  longitudinal  soction ;  h  epicnlyx  ;  t  receptacle.  B  Gyneeceum  of  Rannncalaa  : 
g  receptacle  with  the  points  of  insertion  of  the  stamens  which  have  been  removed :  C  flower 
seen  from  bolow.  D  Flower  of  UelUhorut  viridU.  E  Flower  of  Aconitnm  NapMut:  "k 
bracteoles ;  if  hooded  posterior  sepal— the  lateral  sepal  on  this  side  is  removed. 

nectary  at  their  base :  the  stamens  and  carpels  are  arranged  spirally ;  anthers 
extrorse ;  the  ovule  is  ascending,  whereas  it  is  suspended  in  all  the  preceding 
genera.  The  genus  includes  water-plants  with  finely-divided  leaves  and  white 
fiowers,  as  R.  aquatilii.  Water  Crowfoot,  Jluitans,  etc.  ;  and  laud-  or  bog-plants, 
usually  with  a  yellow  corolla,  as  R,  acriiy  the  Battercap,  repem,  bulbosut^  and 
iceleratut  (all  known  as  Crowfoot),  and  Lingua  and  Flammula  (the  Greater  and 
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Lesser  Spearworts) ;   they  are  all  more  or  less  poisonoas.    JR.  Ficaria  (the 
Lesser  Celandine)  has  8  sepals  and  usually  8  petals. 

Tribe  2.  Hellehorem.  Perianth  generally  consisting  of  calyx  and  corolla,  the 
latter  being  occasionally  suppressed ;  the  petals  are  glandular  at  the  base : 
ovaries  usually  fewer  in  number  than  the  leaves  of  the  perianth ;  ovules  numer- 
ous, borne  on  the  ventral  suture ;  fruit  usually  consists  of  several  follicles. 

(a)  With  regular,  generally  actinomorphic,  flowers : 

Helleborus,  with  acyclic  flowers ;  sepals  more  or  less  petaloid  in  {  arrange- 
ment ;  the  petals,  which  are  small  and  tubular,  in  |  or  ^ ;  stamens  in  ^  or 
^ ;  ovaries  usually  3-5  (Fig.  397  D).  H.  niger  is  the  Christmas  Rose ;  U, 
viridis  and  fcetidus  are  not  rare.  Nigella  has  5  petaloid  sepals  and  usually  8 
(superposed  if  5)  small  glandular  petals :  its  carpels  cohere  partially  or  com- 
pletely, forming  a  septicidal  capsule.  TroUius,  the  Globe-flower,  has  5-15 
petal(»id  sepals,  and  a  similar  number  of  small  petals  which,  like  the  stamens 
and  carpels,  are  all  arranged  spirally  :  T.  europatu  occurs  in  sub-alpine  regions. 
Caltha,  the  Marsh-Marigold,  has  5  yellow  petaloid  sepals,  but  no  corolla :  C. 
paluUns  is  common  io  damp  places.  Eranthis,  the  Winter  Aconite,  has  a 
3-leaved  epicalyx,  and  small  petals  with  long 
claws.  Actiea  has  a  petaloid  calyx  and  an 
alternating  (sometimes  suppressed)  corolla; 
it  has  a  single  carpel  which  becomes  a  baccate 
fruit:  A,  apicata,  the  Baneberry  or  Herb 
Christopher,  occurs  in  woods.  Aquilegia,  the 
Columbine,  has  a  cyclic  flower  (Fig.  398) : 
it  has  5  petaloid  sepals,  and  petals  with  long 
spurs ;  there  are  several  whorls  of  stamens : 
A,  vulgarii,  atrata^  AklH,  and  others  occur 
wild,  or  are  cultivated  as  decorative  plants. 

(b)  With  irregular  dorsiventral  flowers: 

Delphinium,  the  Larkspur,  has  the  pos- 
terior of  the  5  petaloid  sepals  prolonged  into 
a  spur:  there  are  typically  5-8  petals,  of 
which  only  the  2  (D.  Ajacis ;  see  Fig.  328  A)  or  4  (D.  Staphitagria)  posterior 
are  developed ;  the  spurs  of  the  two  posterior  petals  project  into  that  of  the 
posterior  sepal :  Z>.  Staphisagria  has  3-5  carpels ;  D,  Contolida  and  D,  Ajacii^ 
common  garden  plants,  have  usually  but  one  carpel.  In  Aconitnm,  the 
Wolf's-bane  or  Monk's-hood,  the  posterior  of  the  5  petaloid  sepals  is  large  and 
hooded  ;  the  two  posterior  of  the  8  petals  have  long  claws,  and  are  covered  by 
the  posterior  sepal,  the  others  being  inconspicuous  (Fig.  397  EfC). 

Tribe  3.  Paoniete.  The  perianth  consists  of  calyx  and  corolla,  and  the  petals 
are  not  glandular :  ovaries  with  numerous  ovules,  surrounded  by  a  disc  :  ^ruit 
of  several  follicles. 

In  Fesonia,  the  Peony,  the  flower  is  acyclic :  the  calyx  consists  of  5  sepals 
which  gradually  pass  into  the  foliage- leaves  ;  the  petals  are  5  or  more.  P.  offiein^ 
alUt  corallina^  and  others  are  cultivated  as  decorative  plants  ;  P.  Moutan  has  a 
woody  stem  and  a  tubular  disc. 


Fio.  896.— Diagram  of  flower  of 
Aquilegia. 


Order  2.     Magnoliacej:.     Perianth  eyolio,  consisting  usually  of 
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three  altematiDg  trimeroas  whorls,  one  of  sepals  and  two  of 
petals  :  stamens  and  carpels  nnmerous,  arranged  spirally :  seed 
containing  endosperm.     Woody  trees  or  shrubs. 

Tribe  1.  Magnoliea,  Carpels  very  nomerous  on  an  elongated  cylindrical 
receptacle  :  flowers  invested  by  a  spatboid  bract ;  stipules  connate.  Magnolia 
gravdijiora  and  other  species,  and  Liriodendron  tulipifera^  the  Tulip-tree,  from 
North  America,  are  ornamental  trees. 

Tribe  2.  lllieiea.  Carpels  in  a  single  whorl  on  a  flat  receptacle  (Fig.  340). 
lllieium  anigatunit  the  Star-Anise,  is  a  native  of  China. 

Order  3.  CALYCANTHACEiE.  Flowers  acyclic,  perigjnon 8 :  fruit, 
an  etiierio  of  achenes,  resembling  that  of  the  Rose. 

Calycanthut  Jloridwt,  Carolina  Allspice,  is  an  ornamental  shrub  with  brown 
aromatic  flowers.    Chimonanthns,  a  fragrant  shrub,  also  belongs  here. 

Order  4.  Nymph^ace^.  Flowers  usually  acyclic  without  any 
sharp  demarcation  between  the  petals  and  the  stamens :  pistil 
either  apo-  or  syn-carpous.  Water-plants,  generally  with  broad 
floating  leaves. 

Tribe  1.  Nymphanfue.  Carpels  connate,  forming  a  polymerous  multilocnlar 
ovary  which  may  be  either  superior  or  inferior.  Ovules  numerous,  placenta- 
tion  superficial :  seeds  numerous,  containing  both  endosperm  and  perisperm, 
sometimes  arillate  (p.  459).  The  rhizome  grows  at  the  bottom  of  the  water  and 
throwR  up  broad,  flat,  cordate  leaves  with  long  petioles  which  float  on  the  surface. 
The  flower  also  reaches  the  surface,  borne  on  a  long  peduncle. 

Nymphaa  alba^  the  white  Water-Lily,  has  four  green  sepals,  a  great  number 
of  white  petals  which,  together  with  the  very  numerous  stamens,  are  arranged 
spirallv,  and  a  semi-inferior  ovary,  Nuptiar  luteum,  the  yellow  Water-Lily, 
has  a  calyx  consisting  usually  of  five  greenish -yellow  sepals ;  the  petals,  which 
are  smaller  and  yelloW,  are  usually  13  in  number,  and  form  a  continuous  spiral 
with  the  indefinite  stamens ;  the  ovary  is  superior.  Victoria  regia,  a  Brazilian 
species,  has  peltate  leaves  of  more  than  a  yard  in  diameter. 

Tribe  2.  Nelumbiea,  Ovaries  numerous,  distinct,  imbedded  in  the  fleshy 
receptacle :  seeds  solitary,  exalbuininous. 

Nflumbium  speciosum  is  the  Lotus  of  Egypt  and  Asia. 

Tribe  3.  Cabwibece,  Flowers  cyclic.  Calyx  and  corolla  each  three-leaved. 
Stamens  3-18  or  oo .  Ovaries  3-18,  monomerous,  each  with  two  or  three 
ovules  attached  to  its  walls  or  to  the  dorsal  suture  of  the  carpel.  Seeds  con- 
taining endosperm  and  perisperm.  The  submerged  leaves  are  much  divided, 
the  floating  leaves  peltate.  Cabomba  occurs  in  tropical  America :  Brasenla  is 
widely  distributed. 

Cohort  II.  Menispermales.  Flowers  usually  ambisporangiate, 
sometimes  monosporangi ate  and  then  frequently  polygamous;  cyclic, 
typically   trimerous:    perianth  usually  difPerentiated  into    calyx 
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and  corolla,  and  then  either  homochlamydeous  or  heterochlaray- 
deons:  stamens  usaally  3  or  a  multiple  of  3 :  gjnaBcenm  trimerous 
and  apocarpous  or  sjncarpoas,  or  monomeroas ;  ovary  unilocular, 
with  usually  a  single  basal  or  suspended  anatropous  or  orthotro- 
pous  ovule ;  seed  with  or  without  endosperm ;  endosperm  some- 
times ruminated. 

Order  1.  MENisPERMACEiB.  Flowers  usually  dioecious,  but  with 
traces  of  the  missing  organs :  perianth  usually  biseriate,  hetero- 
chlamydeous  :  the  calyx,  corolla,  and  androecium  have  usually  two 
whorls  each.  Carpels  usually  3-6,  distinct,  one-seeded,  but  many- 
seeded  in  the  sub-family  Lardizalbeae.  Seed  with  or  without 
endosperm.  They  are  mostly  tropical  climbing  plants  with  woody 
twining  stems  and  palmate  leaves. 

The  structnre  of  the  flower  is  very  variable :  pleiotaxy  is  frequent ;  thus 
the  calyx  may  consist  of  3  or  more  (8-10  in  Syohnosepalum)  whorls,  the 
corolla  of  8  whorls  (occasionally  in  Menispermam), 
the  androecium  of  as  many  as  8  whorls  (Meni- 
spermnm,  Anamirta) :  on  the  other  hand  oligotaxy 
sometimes  occurs ;  the  corolla  may  be  completely 
suppressed  {e.g.  Abuta,  Akebia),  and  in  the  latter 
genus  the  calyx  consists  of  only  a  single  whorl  The 
^  flower  of  Cissampelns  is  dimerous,  and  the  $  flower 
has  a  rudimentary  perianth  and  a  unilocular  ovary 
with  three  stigmata.  The  endosperm  is  ruminated 
in  some  gevera  (e.g.  Anomospermum,  Abuta,  Chas-  ^^^'  '*®'  ~  l>>»firr*n»  of 
manthera) :  the  seed  is  exalbuminous  in  the  Pachy-  ^°''«'  *»^  "^^  °^  ^^  ^^""^^ 
gonesB  (e.g.  Pachy  gone,  Sychnosepalum,  Barney  a). 

Order  2.  Bkrberidacej:.  Flowers  ambisporangiate:  the  calyx, 
corolla,  and  androecium,  each  consist  of  two  di-  or  tri-merous 
whorls.  Gynaeceum  raonoraerous  ;  ovary  with  numerous  marginal 
ovules.     Fruit  capsular  or  baccate.     Seed  with  endosperm^. 

BerberU  vulgaris  is  the  Barberry ;  its  floral  formula  is  A3 +3,  CS+3,  il3  +  3, 
01;  the  flowers  are  in  pendent  racemes,  usually  without  terminal  flowers; 
when  a  terminal  flower  is  present  it  is  acyclic  and  its  formula  is  K5  \  C5  \  A5 
(see  Fig.  311,  p.  498).  Fruit  an  oval  berry.  The  leaves  of  the  ordinary 
shoots  are  transformed  into  spines  (Fig.  38),  in  the  axils  of  which  are  dwarf- 
shoots  bearing  the  foliage-leaves  and  the  inflorescences.  Epimedium  has  a 
dimerous  flower ;  calyx  of  4-5  whorls ;  petals  spurred.  In  Berberis,  sub-genus 
Mahonia,  there  are  3  whorls  of  sepals,  and  in  Nandina  many  whorls  the  inner 
of  which  gradually  become  petaloid.  Podophyllum  has  sometimes  3  whorls 
of  petals  (thongh  the  number  of  petals  varies  in  consequence  of  oligomeryy, 
and  shows  duplication  of  the  stamens  of  the  inner  whorl.  The  anthers  usually 
dehisce  by  valves,  but  in  Podophyllum  and  Nandina  the  dehiscence  is  longi- 
tudinal. 
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Order  3.  Laurace^.  Flowers  ambisporangiate,  or  poljgamons, 
somewhat  perigjnous,  usually  trimeroDs  (sometimes  dimerous  or 
tetrameroas)  :  periauth  sepaloid,  in  two  whorls :  stamens  9-12,  in 
three  or  four  whorls,  those  of  one  or  more  whorls  being  frequently 
staminodes ;  the  anthers  open  by  2  or  4  valves,  the  outer  introrse, 
the  inner  extrorse ;  the  filaments  have  glandnlar  appendages  (Fig. 
400  b  b).  Ovary  trimerous,  unilocular,  with  one  suspended  ovule, 
two  of  the  three  loculi  being  abortive.  Fruit  a  berry  or  a  drupe. 
Seed  devoid  of  endosperm. 

This  order  is  frequently  placed  in  the  sub-class  Monochlamydes ;  but  there 
can  be  no  doubt  that  such  a  position  is  unsatisfactory :  the  order  seems  rather 
to  be  allied  to  the  Menispermaces.    The  chief  morphological  difficulty  is  the 


Pio.  400.— stamen  of  Lauras.  An- 
thers opened,  aa;  d  d  the  valve«>; 
b  b  glandular  appendages.  Diagram 
of  Cinnamomum. 


Fio.  401.— Fruit  of  the  Nntmeg- 
troe,  MyrUtica  motchata.  P  Pericarp, 
half  of  it  removed;  t  the  seed;  a 
aril  (nat.  size). 


interpietation  of  the  perianth ;  since  it  consihts  of  two  whorls,  and  is  homo- 
chlamydeous  and  sepaloid,  it  may  be  regarded  as  corresponding  to  the  two- 
whorled  calyx  of  other  Menispermales ;  from  this  point  of  view  the  Lauracesa 
would  be  held  to  have  no  corolla :  on  the  other  hand,  the  fact  that  the  two 
whorls  are  developed  dififerently,  the  segments  of  the  outer  whorl  being  de- 
veloped successively  and  those  of  the  inner  wborl  simultaneously,  tends  to  prove 
that  the  outer  whorl  is  a  cnlyx  and  the  inner  whorl  a  corolla.  In  Laurut  nobili4 
what  appear  to  be  petals  are  exceptionally  present  in  addition  to  the  two  normal 
perianth -whorls  ;  but  these  petals  are  really  staminodes,  due  to  petaloid  meta- 
morphosis of  the  four  stamens  of  the  external  whorl. 

These  are  usually  evergreen  nhrubs  with  coriaceous  leaves  {e.g.  Laurus  nobilu, 
the  Sweet  Bay) ;  a  few,  as  Gassytha,  sre  parasites  resembling  the  Dodder  in 
habit.     The  flowers  of  the  Bay  are  diclinous. 

Order  4.  MYBisTiCACEiE.  Flowers  dicecions,  perianth  of  a 
single  whorl,  gamopbyllous,  3-lobed.     Stamens  3-18  coherent  into 
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one  handle.  Ovary  monomerons,  with  one  hasal  anatropons 
ovale :  frait  a  fleshy  two-valved  capsale :  seed  with  ruminated 
endosperm. 

MyrUtiea  motehata,  the  Nntmeg,  is  a  native  of  New  Gninea.  The  seed  is 
invested  by  an  aril  (see  p.  469),  an  integument  which  is  developed  after 
fertilisation ;  it  has  a  netted  or  laoiniate  appearanoe  (Fig.  401  a);  it  is  known 
in  oommeroe  as  Maoe.  Seed  large,  with  abundant  ruminated  endosperm  ;  the 
innermost  layer  of  the  brown  testa  closely  follows  all  the  windings,  and  this 
gives  the  endosperm  a  marbled  appearance. 

The  affinities  of  this  order  are  doubtful :  it  is  commonly  regarded  as  closely 
allied  to  the  LauracesB. 

Order  5.  Polyoon- 
ACEiE.  Flowers  ambi- 
sporangiate,  sometimes 
monosporangiate  by 
snppression,  trimerous 
(sometimes  dimerous), 
with  the  typical  formula 
^3,  C3,  AS  +  S,  0{S): 
perianth  in  two  whorls, 
homochlamydeous,  either 
sepaloid  or  petaloid, 
sometimes  reduced  to  5 
leaves:  stamens  in  as- 
nally  two  regularly  al- 
ternating whorls ;  the 
number  of  stamens  in 
the  outer  whorl  is  fre- 
quently increased  by 
duplication ;  the  number 
of  the  stamens  is  fre- 
quently reduced  by  sup- 
pression. Ovary  usually  trimerous,  unilocular,  with  a  single  basal 
orthotropous  ovule.  The  fruit  is  more  or  less  enveloped  by  the 
persistent  perianth  (Fig.  402  C).  The  seed  contains  endosperm, 
in  which  the  straight  or  curved  embryo  is  imbedded.  The  leaves 
have  sheathing  bases,  and  connate  stipules  (Fig.  402  A),  forming 
an  ocrea  (see  p.  48)  which  embraces  the  stem  for  some  distance 
above  the  leaf-sheath  (absent  in  Eriogonum). 

This  order,  like  the  LauraceiB,  is  commonly  placed  in  the  Monochlamydee, 
and  the  interpretation  of  the  two-whorled  perianth  preoiffc  the  same  difficulty 


Fio.  402.— il  PorUon  of  the  stem  (•)  of  Polygonnin, 
with  a  leaf  (b),  its  sheath  (v),  and  the  ocrea  (o)  (nat. 
tize).  B  Flower  of  Bheam  :  k  external,  o  internal 
perianth-whorl;  a  the  stamens.  C  Fruit  of  Rumex, 
enclosed  by  the  inner  whorl  of  the  perianth  c ;  •  dorsal 
ridge  of  one  of  the  perianth-leaves ;  h  external  peri- 
anth-leaves. D  fruit  of  Rheum  (/)  t  k  outer,  o  inner 
perianth-whorl  (enlarged). 
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and  may  be  regarded  from  the  two  points  of  yiew  in  both  orders  (see 
Lanraceee). 

The  typical  structure  of  the  flower  is  to  be  fonnd  in  the  genns  Pterostegia. 
As  regards  the  perianth,  it  is  dimerous  in  Oxyria,  it  is  5-leayed  in  most  species 
of  Polygonum,  in  Coccoloba,  Mnehlenbeokia,  etc.,  and  is  apparently  quincnncial 
(2) ;  however,  the  development  of  the  flower  shows  that  this  is  not  really  the 
case,  but  that  it  is  the  result  of  reduction  by  the  absence  of  the  anterior  seg- 
ment of  the  inner  perianth-whorl :  it  may  be  mentioned  further  that  when  the 
perianth  is  trimerous,  there  is  (if  any)  but  a  single  prophyllum,  whereas  when  it 
is  pentamerous  there  are  two  prophylla.  As  regards  the  andrcecium,  in  a  trimer- 
ous flower,  only  a  single  whorl  of  stamens  may  be  developed  ;  either  the  outer 
(e.g.  Bumez,  Koenigia,  as  also  in  the  dimerous  flower  of  Polygonum  diotpyri- 
foUum),  or  the  inner  (Leptogonum).  Duplication  obtains  in  the  single  whorl  of 
stamens  of  Bumez  and  Polygonum  diogpyrifolium,  and  in  the  outer  whorl  of 
many  genera,  in  which  either  all  the  typical  number  of  stamens  are  duplicated 
{e.g.  Bheum,  Ozyria),  or  some  only  {e,g.  species  of  Polygonum,  in  which  also 
Buppiession  is  frequent).  It  is  important  to  note  that  the  number  (usually  5-8) 
of  stamens  in  a  flower  with  a  pentamerous  perianth  bears  no  direct  relation  to 
the  number  of  the  perianth-leaves ;  whereas  in  dimerous  flowers  the  number  of 
the  stamens  is  a  multiple  of  2.  In  some  rare  cases  the  number  of  the  stamens 
18  large  (12-50).  When  two  whorls  of  stamens  are  present,  the  outer  being  dupli- 
cated, it  is  frequently  the  case  (e.g.  species  of  Polygonum)  that  the  anthers  of 
the  external  stamens  are  iutrorse  and  those  of  the  inner  stamens  extrorse. 
The  gynsBceum  is  sometimes  dimerous  when  the  perianth  is  pentamerous  {e.g. 
Polygonum  orientaUf  amphibium  and  other  species) ;  always  when  the  perianth 
is  dimerous.  The  endosperm  is  sometimes  ruminated  (Coccoloba).  The  British 
genera  are  the  following: — Polygonum,  the  Bistort  or  Knot-Grass,  of  whioh 
there  are  many  species  {e.g.  BUtorta^  Hydropiper,  Persicaria,  amphihiumt  avi- 
eulare,  Convolvulus) ;  Bumex,  the  Dock  or  Sorrel,  the  leaves  of  which  contain 
a  large  quantity  of  oxalic  acid ;  Oxyria,  the  Mountain  Sorrel. 

The  most  important  economic  plants  are: — Bheum,  the  Bhubarb;  the 
Bbubarb  of  the  pharmacopoeia  is  obtained  from  K.  palmatum  tanguticum  and 
R.  officinale  (China) ;  the  garden  Bhubarbs  are  R.  rhapontieum  and  undulatum: 
Fagopyrum  eiCiUfntumt  the  Buckwheat. 

Order  6.  Ceratophyllace2E.  Submerged  water-weeds  of  doubtful 
affinity,  with  wborled  sessile  leaves  dichotomously  branched  and 
subdivided;  in  the  axils  of  some  of  these  the  diclinous  flowers 
occur.  The  ^  flowers  consist  of  from  6-12  perianth -leaves  and 
about  as  many  stamens ;  the  $  flowers  have  a  similar  perianth  and 
a  monomerous  ovary  with  a  single  suspended  orthotropous  ovule : 
seed  with  endosperm. 

Ceratophyllum  demertum  and  tuhmersum  occur  submerged  in  ponds  and 
ditches.  Pollination  takes  place  under  water,  and  in  correlation  with  this  the 
wall  of  the  pollen-grain  is  not  cuticularised  (see  p.  434). 

Cohort  III.    Caryophyllales.    Flowers  cyclic,  generally  actino- 
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morphic  and  pentamerons,  sometimes  monochlamjdeons :  calyx 
of  ten  gamosepaloas :  stamens  asnallj  definite:  ovary  unilocular, 
with  basal  placenta  :  seed  with  perisperm. 

Order  1.  Caetophtllacejc.  Flowers  generally  pentameroas,  with 
calyx  and  corolla,  though  the  latter  is  suppressed  in  some  cases ; 
sepals  distinct  or  coherent :  stamens  in  two  whorls  (see  p.  503), 
of  which  the  inner  is  often  wanting ;  ovary  2-,  3-,  or  5-merous,  uni- 
locular, or  multilocular  at  the  base,  with  a  central  placenta  or 
with  a  single  basal  ovule :  fruit  usually  a  capsule :  leaves  opposite, 
decussate :  stems  usually  tumid  at  the  nodes. 

Tribe  1.  AUinea.  The  corolla  and  the  inner  whorl  of  stamens  are  nsaally 
present ;  the  calyx  is  eleutherosepalons ;  fruit  a  capsule ;  usually  no  stipules. 

The  British  genera  are  Sagina 
(Pearl- wort),  Arenaria  (Sand- 
wort), Gerastium,  Stellaria 
(Chick-weeds  and  Stitch-worts), 
Spergula(Spurrey),Lepigonum, 
Holosteum,  Muenohia ;  they 
are  mostly  small  herbaceous 
plants  with  white  petals,  occur- 
ring in  meadows,  on  roadsides, 
etc.,  but  species  of  Lepigonum 
(Spergularia),  the  Sandwort- 
Spurrey,  and  Arenaria  (Hone- 
kenya)  peplaides^  Sea- Purslane, 
grow  on  the  sea-coast ;  they 
are  distinguished  from  each 
other  principally  by  the  number 
of  carpels  present,  and  by  the 
mode  of  dehiscence  of  the  fruit. 

Tribe  2.  Silejua.  The  corolla 
and  the  inner  whorl  of  stamens 


Fie.  403.— Longitodinal  section  of  the  flower  of 
Lychnis  FI09  Jovia:  y  prolonged  axis  (anthophord ; 
see  p.  494)  between  the  calyx  and  the  corolla ; 
K  ligalar  appendages  or  corona.    (Alter  Sachs.) 


are  always  present :  the  calyx  is  gamosepalous ;  stamens  10,  filaments  connate 
at  base:  the  fruit  is  a  capsule  (in  Cucubalus  a  berry):  the  leaves  have  no 
stipules ;  the  floral  axis  is  often  elongated  between  the  calyx  and  the  corolla 
(Fig.  403  y) :  the  petals  (as  in  Lychnis  and  Sapotiaria)  often  have  ligular  ap- 
pendages (Fig.  403  X  :  see  p.  515). 

The  species  of  Dianthns,  the  Pink,  which  commonly  occur  wild  are  D.  deltoides^ 
D.  eatiiu  and  D.  Armeria;  D.  CaryaphyUiu^  the  Carnation,  and  D.  chinetisiSt 
are  well-known  garden  flowers:  there  are  two  styles,  and  the  calyx  is  sur- 
rounded at  its  base  by  bracteoles.  The  genus  Saponaria  has  two  styles  but  no 
bracteoles  ;  S.  officinalis^  the  Soap-wort,  occurs  on  the  banks  of  rivers.  The 
genus  Silene  (Catohfly)  has  three  styles;  S.  t?i/?ata,  nutans^  and  others,  are 
common  in  meadows.  The  genus  Lychnis  (Campion)  has  five  styles;  the 
species  alba  (vegpertina)  and  diurna  are  dioecious ;  L.  Oithago,  the  Corn-cockle, 
is  common  in  fields. 


600  PART   III. — THB   CLASSIFICATION  OF   PLANTS. 

Tribes.  Polyearpece.  Leaves  with  soarioas  Btipnles :  calyx  eleutherosepaloas ; 
the  corolla  is  present,  but  the  inoer  whorl  of  stamens  is  wanting :  style  S-fid. 
This  groap  includes  the  British  genus  Polyoarpon  (Allseed)  and  others. 

Tribe  4.  Paronyehiea.  Sepals  distinct  or  coherent :  the  corolla  and  the  inner 
whorl  of  stamens  are  usually  wanting :  style  usually  bifid :  ovary  unilocular, 
with  1-4  ovules :  fruit  generally  indehisoent. 

The  British  genera  are  Soleranthus  (Knawel),  Herniaria,  Corrigiola  (Strap* 
wort),  and  lUecebrum:  they  are  small  inconspicuous  herbs,  with  soarious 
stipules  (except  Scleranthus). 

The  Paronychieffi  have  also  been  placed,  as  a  distinct  natural  order  Iixscs- 
BBACEA,  among  the  Monochlamydeie.  There  is  no  doubt  that  they  have 
affinities  with  the  Chenopodiales,  and  that  they  thus  connect  that  cohort  with 
the  CaryophyllacesB. 

Order  2.  Portulaceji.  Calyx  usually  of  2  sepals  and  corolla  of 
5  petals :  stamens  usually  5,  antipetalous :  ovary  usually  trimerous 
and  unilocular ;  fruit  a  capsule.  They  are  herbs  with  alternate  or 
opposite  leaves ;  the  corolla  is  fugacious. 

The  structure  of  the  flower  is  essentially  the  same  in  this  order  as  in  the 
Chenopodiales,  with  the  addition  of  a  calyx  of  two  antero-posterior  sepals. 

Portulaca  oleracea^  the  Purslane,  from  Southern  Europe,  and  other  species 
are  cultivated  as  vegetables  and  as  ornamental  plants.  Montia  (Blinks)  has  an 
irregular  (apparently  gamopetalous)  corolla;  it  grows  in  ditches  or  in  damp 
places.  In  the  genus  Lewisia  there  are  4-8  sepals,  8-16  petals,  and  indefinite 
stamens. 

Order  3.  Aizoacej:  (Ficoidej:).  Flowers  with  a  simple  perianth, 
and  usually  indefinite  btamens,  the  more  external  of  which  are 
often  transformed  into  petaloid  staminodes:  ovary  multilocular, 
sometimes  inferior. 

This  order  has  marked  affinities  with  the  Phytolaccacete  and  the  Nyctaginaceae, 
so  that  it  is  sometimes  placed  among  the  MonochlamydesB;  but  the  occurrence 
of  forms  with  petaloid  staminodes  justifies  the  position  in  wbich  it  is  here  placed. 
It  is  of  special  interest  inasmuch  as  it  well  illustrates  the  evolution  of  the 
dichlamydeous  from  the  monochlamydeous  ty^e  of  flower,  with  multiplication 
of  the  sporophylls  and  the  gradual  metamorphosis  of  the  more  external  of  them 
into  petaloid  staminodes  which  are,  in  fact,  primitive  petals. 

Mesembryanthemum  is  the  genus  with  an  inferior  ovary :  it  has  fleshy  leaves 
and  conspicuous  flowers ;  many  species  are  cultivated ;  it  comes  from  South 
Africa. 

Cohort  IV.  Parietales.  Flowers  cyclic,  with  calyx  and  corolla : 
sepals  free :  stamens  definite  or  indefinite :  gyneeceum  of  two  or 
more  carpels :  ovary  unilocular,  sometimes  many-chamhered,  with 
parietal  placentation  :  seed  with  or  without  endosperm. 

Order  1.     Papaveracej:.     Flowers  usually  actinomorphic,  JI2, 
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C2  +  2,  Ace  ,  (?®  or  (oc  ),  or  rarely  with  triraeroas  whorls  :  calyx 
sepaloid,  corolla  petaloid :  the  nameroas  whorls  of  stamens  alter- 
nate :  ovary  of  two  lateral  carpels  or  of  more  (Pig.  404  a),  two- 
or  more-chamber.ed :  ovules  numerous,  attached  to  the  more  or 
less  infolded  edges  of  the  carpels :  endosperm  abundant,  embryo 
small.  The  sepals  commonly  fall  off  before  the  flower  expands 
(Fig.  404  k).     Plants  with  abundant  milky  latex. 

Papaver,  the  Poppy,  has  a  many-chambered  ovary;  the  nroit  is  a  porons 
capsule  (Fig.  342  D) :  P,  somniferum  is  ooltivated  for  the  sake  of  the  oil  con- 
tained in  the  seeds,  and  for  the  latex  obtained  from  its  oapsoles,  which,  when 
inspissated,  constitutes  opium :  several  species  are  British,  such  as  P.  Rha&ai, 
tbe  Field  Poppy;  P.  Argemone^  the  Pale  or  Long  Prickly-headed  Poppy;  P. 
hyhridum^  the  Round  Prickly-headed  Poppy ;  P,  dnbium,  the  Long  Smooth- 
headed  Poppy ;  and  Meconoyu  camhrica^  the  Yellow  Welsh  Poppy.  CheHdoniuin 
majutf  the  Celandine,  has 

two    carpels,   a    siliquose  ^      ^ 

fruit,  and  orange-coloured  -^ 

milky   latex.      Glaucium,  •Q\is^Oi^'~>^       Ic 

the  Homed  Poppy,  has  a 
siliquose  fruit  which  is 
generally  spuriously  bilo- 
cular.  EtchtchuUzia  cali- 
fornica  is  a  cultivated 
plant ;  it  has  a  hollow  re- 
ceptacle, so  that  its  flowers 
are  almost  perigynous. 

Order  2.  Fumaei- 
ACKiE.  Flowers  isobi- 
laterally  symmetrical, 
or  zygomorphic  with 
lateral  symmetry: 
floral  formula  K>,  02  +  2,  i42  +  2,  G^,  The  three  whorls  of  the 
perianth  alternate;  one  of  the  outer  petals  (rarely  both)  is  usually 
fai'nished  with  ajspur:  in  most  genera  there  are  three  stamens  on 
each  side,  a  central  one,  with  a  perfect  anther  (the  stamen  of  the 
oater  whorl,  Fig.  405  -B  a),  and  two  lateral  stamens,  each  with  only 
half  an  anther  (apparently  the  halves  of  the  stamens  of  the  inner 
whorl;  Fig.  405  Ba,a).  The  fruit  is  siliquose  and  many-seeded, 
or  one-seeded  and  indehiscent.  Herbaceous  plants  without  milky 
lat«x,  sometimes  climbing  by  means  of  their  petioles  which  act  as 
tendrils  (Adlumia,  Fumaria).     Seeds  containing  endosperm. 


Fie.  401.  —  Flower  of  CKfltdontum  mojiu  (aat.  Bise); 
fc  calyx ;  CO  outer,  ei  inner  petals ;  a  s'amens ;  n  btigma. 
A  Diagram  of  the  flower  of  Cbelidoniuin.  a  Many, 
chambered  ovary  of  Papaver. 


The  flowers  of  Adlumia,  Dicentra,  and  Hypecoum  are  isobilaterally  symmet- 
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rical.  Dieentra  tpectabilU  is  a  favourite  ornamental  plant ;  both  tbe  outer  petals 
are  spurred,  the  two  inner  petals  are  hollowed  at  their  apices,  so  that  thej 
completely  enclose  the  anthers.  In  Hypecoum  the  flower  is  isobilaterally  sym. 
metrical,  but  the  petabi  are  not  spurred,  and  there  are  four  stamens,  two  lateral 
forming  the  outer  whorl,  and  two  antero  posterior  forming  the  inner  whorl : 
fruit  usually  indehiscent.      In  Gorydalis  and  Fumaria  only  one  of  the  outer 


Fio.  4i06,^A  Flower  of  Dieentra  BpectahUis :  one  of  the  oater  petals  is  removed :  •  pedicel ; 
ca  the  oater,  ei  the  inner  petals;  /Btamene.  B  The  three  stamens  of  one  side,  Been  from 
within :  /filaments ;  a  the  middle  complete  anther ;  a,a,  the  lateral  half-anthers.  C  Flower- 
bnd,  with  the  sepals,  which  soon  fall  off,  still  adhering  (k) ;  (nat.  sise). .  Diagram  of  Fumi- 
tory. I 

petals  is  spurred,  and  consequently  the  flower  is  irregular  and  laterally  zygo- 
morphic.  In  Gorydalis  the  fruit  is  a  two-valved  capsule  with  numerous  parietal 
seeds  :  some  species,  e.g.  C,  cava  and  soliday  have  a  tuberous  rootstock ;  others, 
as  C.  lutea  and  aurea,  have  rhizomes.  Fumaria  officinalis  and  others  (Fami- 
lories)  are  common  in  fields ;  the  ovaries  contain  but  few  ovules,  and  of  these 
only  one  ripens  to  a  seed ;  fruit  globose,  indehiscent. 

Order  3.    CRDCiFERiB.     Flowers  regular,  isobilateral :  floral  for- 
mula ir2  +  2,  0x4,  ^2  +  2-,  G^^.     The  four  petals  form  a  whorl, 
alternating  with  the  four  sepals  as  if  the  latter  formed  one  whorl ; 
^  there  are,  however,  three  perianth- whorls,  as 

in  the  two  preceding  families ;  but  whereas 
in  them  only  the  outermost  whorl  is  sepa- 
loid,  in  this  family  the  two  outer  whorls 
are  sepaloid,  and  the  innermost,  which  alone 
is  petaloid,  is  a  whorl  consisting  of  four 
instead  of  two  members.  The  two  outer 
stamens  are  lateral,  as  in  those  families  ;  the 
two  inner  ones,  which  in  most  Fumariacc® 
are  apparently  divided,  are  here  duplicate,  having  longer  filaments 
(Fig.  407  Bhb)  than  the  outer  ones  (a)  ;  hence  the  flower  is  tetra- 
dynamous.     There  are  usually  four,  sometimes  more,  glands  at  the 


Fig.  408.— Diagram  of  the 
flower  of  Cracifer«e. 
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base  of.  the  stamens  (Fig  4D7  Bd),  The  ovary  consists  of  two 
carpels  with  the  ovules  in  two  longitadinal  rows  on  the  connate 
margins  of  th^  carpels ;  these  two  parietal  placentiB  are  connected 
bj  a  membranous  growth  which,  as  it  is  not  formed  of  the  margins 
of  the  carpels,  must  be  regarded  as  a  spurious  dissepiment  (Figs. 
407  D*  E*v,  342  Cw).  When  the  fruit  opens,  the  pericarp  splits 
into  two  valves  corresponding  to  the  carpels,  leaving  their  mar- 
gins, as  a  frame  or  replum,  bearing  the  placentaB  with  the  spurious 
dissepiment  attached :  the  seeds  remain  attached  to  them  for  some 
time  (Fig.  342  C,  p.  530). 


1 1  ."©• ;; 


r^^ 


Fig.  407.— Flowers,  fruits,  and  embryos  of  yarioos  Cracifene.  A  Flower  of  Brassica  (nat. 
size) ;  8  x>edicel;  k  le  calj'x;  c  corolla.  B  Tbe  same  after  removal  of  the  perianth  (mach 
mag.):  a  a  the  two  onter  short  stamens ;  h  the  four  longer  inner  ones;  /the  ovary ;  n  the 
stigma ;  d  gland.  C  Siliqna  of  Brassica :  «  dissepiment.  D  Augustiseptal  silicnla  of  Thlaspi. 
B  Latisept'il  silicnla  of  Draba.  V*  and  B*  Diagrammatic  transverse  section  of  the  preced- 
ing -  V  dissepiment;  •  seed.  F  Indehiscent  silicnla  of  Isatis.  O  Jointed  siliqna  of  Baphanua 
Raphanvttrum :  g  style ;  III  separate  segments.  K-H  Diagrams  of  differently-folded 
embryos,  with  transverse  sections :  r  radicles ;  c  e  cotyledons. 

The  flowers  are  in  racemes  in  which  the  bracts  are  suppressed ; 
when  the  lower  pedicels  are  longer  than  the  upper  ones,  the  raceme 
becomes  a  corymb,  and  then  the  lower  flowers  are  usually  zygomor- 
phic,  the  petals  turned  towards  the  periphery  being  larger  than 
those  directed  towards  the  axis  of  the  inflorescence,  as  in  Iberis. 

The  form  of  the  fruit  is  of  importance  in  the  subdivision  of  this 
order.     In  some  genera  it  is  much  longer  than  it  is  broad,  when  it 
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is  termed  a  siliqna,  (Figs.  407  C,  342  G)  ;  in  others,  it  is  not  mncH 
longer,  or  about  as  long  as  it  is  broad,  when  it  is  termed  a  silicula 
(Fig.  407  D  and  E),  The  latter  is  commonly  somewhat  com- 
pressed in  one  direction ;  either  parallel  to  the  dissepiment,  that  is 
to  say  laterally  (Fig.  407  E  and  JS*),  so  that  the  dissepiment  lies 
in  the  direction  of  the  greatest  diameter,  when  it  is  latiseptal ;  or 
perpendicularly  to  the  dissepiment,  that  is  in  the  median  plane, 
so  that  the  dissepiment  lies  in  the  narrowest  diameter,  when  it  is 
angtistiseptal  (D  and  D*).  Fruits  with  only  one  or  a  few  seeds,  and 
which  are  indehiscent,  are  confined  to  only  a  few  genera,  such  as 
Isatis  (Fig.  407  F),  So  likewise  is  the  jointed  siliqua,  which  has 
transverse  dissepiments  between  the  seeds ;  when  they  are  ripe  it 
divides  transversely  into  segments,  as  in  Raphanns  (Fig.  407  0). 

The  seed  is  exalbnminous.  The  embryo  is  folded  in  the  seed 
in  various  ways ;  the  I'adicle  may  lie  in  the  same  plane  as  one  of 
flat  cotyledons  (Fig.  407^),  when  the  cotyledons  are  said  to  be 
incumbent,  Notorhizem  (the  diagram  being  O  ||)  ;  or  the  radicle 
may  occupy  the  same  position,  the  cotyledons  being  folded  (Fig. 
407  /),  when  the  cotyledons  are  said  to  be  incumhent  and  folded^ 
OrthftplocecB  (diagram  of  section  O  ^)  ;  or,  thirdly,  the  radicle  may 
be  lateral  to  the  two  cotyledons  (Fig.  407  H),  when  the  cotyledons 
are  said  to  be  accumhent,  PleurorhtzecB  (diagram  O  =) :  more 
rarely  the  cotyledons  are  spirally  rolled  so  that  in  a  transverse 
section  they  are  cut  through  twice,  SpirolohecB  (diagram  O  ||  ||)  ; 
or,  finally,  they  may  be  doubly  folded,  and  be  seen  four  times  in 
a  section,  Diplocohhece  (diagram  O  ||  ||  ||  ||).  The  seeds  contain 
much  fatty  oil. 

Sub-order  1.    Siliquobjb.    Fruit  a  siliqua,  much  longer  than  it  is  broad. 

Tribe  I.  Arabidea.  Q  =.  Cheiranthu*  Chfiri,  the  Wall-flower,  and  Matthiola 
ainiua  and  incana,  the  Stooks,  are  cultivated  as  garden-plants.  Natturtium 
officinale  is  the  Water-cress.  Barharea  vulgarii  is  the  Yelloir  Bocket.  Carda- 
mine  (iucl.  Dentaria)  also  belongs  to  this  tribe. 

Tribe  2.  Suijmbriea.  Q  II-  Sisymbrium  officinale,  the  Hedge- Mustard,  is 
Common  on  rubbish  heaps;  am  Erysimum,  the  Treaole- Mustard,  on  walls,  eto. 
Hesperis  is  the  Dame's  Violet. 

Tribe  3.  Bra»»icea.  Q  ^/  The  species  and  varieties  of  Brassica  are  much 
cultivated.  Brawica  oleracea  is  the  Cabbage,  with  the  following  varieties; 
acephala,  Scotch  kale,  Cow-cabbnge  or  Borecole;  bullata,  the  Savoj-cabbage ; 
capitata,  the  red  and  white  Cabbage ;  cauhrapa^  with  the  stem  swollen  at  the 
base,  is  the  Kohl-rabi;  Botryii*,  with  connate  flefthy  peduncles  and  abortive 
flowers,  is  the  Broccoli  (asparagoides)  and  the  Cauliflower  (caulijlora);  gemmifera^ 
with  numerous  lateral  leaf-buds,  known  as  BruMels- sprouts.  Br<utiea  cam^ 
pettrit  is  the  wild  Kavew;  it  includes  the  following  sub-speoies:  Rapa,  the 
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wild  Tarnip,  with  bright  green  hispid  leaves  and  flat  corymbs  of  flowers,  among 
the  caltivated  varieties  of  which  is  the  var.  depressa^  the  Tnrnip :  Napus^  the 
wild  Kape,  with  glabrous  glaucous  leaves  and  long  racemes  of  flowers,  several 
varieties  of  which  are  cultivated  for  their  oily  seeds,  and  one  (var.  esciilenta^ 
the  Teltow  Turnip)  for  its  fleshy  root :  NapobroBtica,  the  Turnip-cabbage, 
including  Butabaga,  the  Swedish  Turnip.  B,  eampestrU  oUifera  is  the  true 
Colza  or  Coleseed,  from  the  seeds  of  which  colza-oil  is  obtained.  Brasnca 
{SinapU)  nigra  and  alba  are  the  black  and  white  Mustard.  Bras»i€a  Sinapis 
{Sinapis  arvemU)  is  the  Charlock  or  Corn-Mustard.  To  this  tribe  belongs  also 
the  genus  Diplotaxis. 

Sub-order  2.    SiLicuLoas.    Fruit  a  silicula. 

A.  Latitepta.    The  dissepiment  is  in  the  longest  diameter  of  the  silicula. 
Tribe  4.    Alyinnea.     Q   "•     Cochlearia   offieinalU  is  the  Scurvy-grass;  C 

Armoracia^  the  Horse-radish,  has  a  thickened  root.  Alyssum  calycinum  and 
Draba  [Krophila)  vema,  the  Whitlow-grass  (Fig  407  J^),  are  common  weeds: 
Lunaria  biennis  is  Honesty. 

Tribe  6.  Camelinea,  O  "  •  To  this  tribe  belong  Camelina  (Gold-of-pleasure), 
and  Subularia,  the  Awl- wort,  an  aquatic  plant. 

B.  Angwtisepta,    Tbe  dissepiment  is  in  the  shortest  diameter  of  the  silicula. 
Tribe  6.    Lepidinea.    Q  >  •    CapteUa  Bursa  Pastoris^  the  Shepherd's  Purse, 

is  common,  as  also  various  species  of  Senebiera  and  Lepidinm  (Cresses). 

Tribe  7.  Thlaspidea.  Q  "  •  Marions  species  of  Thlaspi,  the  Penny-Cress, 
are  common.  To  this  tribe  belong  also  the  British  genera  Iberis  (Candytuft), 
Teesdalia,  and  Hntchinsia. 

Sub-order  3.    Nucuubntace;r.     Silicula  indehisoent,  few-seeded. 

Tribe  8.  Isatidea,  Isatit  tiuctoria,  the  Woad,  has  compressed,  pendulous, 
unilocular,  one-seeded  fruits  (Fig.  407  F) :  the  leaves  yield  a  blue  dye. 

Sub-o  der  4.  Losiextacea.  Fruit  a  siliqua  or  silicula,  constricted  into  one- 
seeded  segments  {lomentaceous)  (Pig.  407  O). 

Tribe  9.  Cakilinece.  Silicula  two- jointed. 
Thin  tribe  contains  the  genera  Cakile,  the  Sea* 
Bocket,  and  Crambe,  the  Sea-Kale. 

Tribe  10.  Baphtiufa.  Silicula  more  or  less 
moniliform.  Baphanwt  satious  is  the  Radish  ; 
R.  R/tphanistmin^  the  Wild  Radish  or  White 
Charlock,  is  a  common  weed. 

Order  4.  Capparidaceje.  Flower  iso- 
bjlateral ;  formula  K2  ■{■  2,  C  x  4,  A2 -h 
2*  or  X  ,  t?-'  or  x  :  stamens  4  or  more, 
when  6  very  rarely  tetradynamons : 
eyna?ceum  borne  on  a  special  prolono^a-         ^*®-  408.— Flower  of  Cappana 

,  .  ,  »pmo«a   (nat.  8«e) :  •  po  Jicel ;    Ic 

tion   of    the    axis    (gynophore,     p.    49o)        ealyx.  c  comU^;    a  stamens;  / 

(Fig  408  0-    Fruit  a  siliqna  or  a  berry,      tfjnfficeum  on  (O grynophore. 

The  flower-buds  of  Capparis  spinosa  from  the  South  of  Europe  are  known  as 
Capers. 
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Order  5.  Resedacbje.  Flowers  irregular,  dorsiventral :  ^ 
and  petals  5-8,  the  latter  lacii\iate :  stamens  namerons :  carpels 
2-6  connate,  forming  a  unilocular  ovary,  open  at  the  apex,  with 
numerous  ovules ;  seed  without  endosperm :  inflorescence  a 
raceme,  without  bracteoles. 

Reseda  Luteola,  the  Dyer's  Weed,  or  Weld,  yields  a  yellow  dye  ;  B,  odorata  is 
Mignonette. 

Order  6.  Cistacejb.  Flowers  usually  actinomorphic  and  penta- 
merous  :  the  two  external  of  the  five  sepals  are  generally  smaller, 
and  sometimes  they  are  absent :  stamens  numerous,  in  conse- 
quence of  multiplication :  carpels  3-10,  forming  a  uni-  or  multi- 
locular  ovary;  ovules  orthotropous ;  seed  with  endosperm. 
Trees  or  shrubs  with  generally  opposite  stipulate  leaves. 

Cistus  has  5-10  carpels  forming  a  chambered  or  completely  multilocular  ovary. 
Cistus  ladanifertUy  ereticus,  and  other  species,  grow  in  the  south  of  Europe ; 
a  balsam  is  derived  from  them.  Helianthemum  has  a  unilocular  trimerous 
ovary :  Helianthemum  vulgare,  the  Rock  Bose,  is  an  under-shrub  which  grows 
wild  on  dry  soils. 

Order  7.  Bixacej;.  The  seed  of  Bixa  orellana,  a  native  of 
America,  yields  an  orange- coloured  dye  known  in  commerce  as 
Annatto. 

Order  8.  Violacejc.  Floral  formula  Kb,  06,  45,  0^ :  flowers 
always    borne  laterally:   ovules    anatropous :  frait   a  loculicidal 

capsule  (Fig. 409  C):  seed 
with  endosperm.  The 
indigenous  species  have 
irregular  dorsiventral 
flowers  ;  the  anterior  in- 
ferior petal  is  prolonged 
into  a  hollow  spur  (Fig. 
409  A  cs)  in  which  the 
nectar  secreted  by  the 
spur-like  appendages  of 
the  two  lower  stamens 
collects  (Fig.  409  A  fs). 
The  sepals  are  produced 
at  the  base  (Fig.  409 
Ah), 


Fig.  409.— Viola  tncolor.  A  Lon^tadinal  eection  of 
flower:  V  bracteole  on  tUe  peduncle;  I  sepals;  Is  ap- 
pendage; 0  petals;  cs  spar  of  the  lower  peialfi;/* 
glandulur  appendage  of  the  lower  stamens ;  a  an- 
thers (after  Sachs).  B  Ripe  fruit ;  fc  caljx.  C  After 
dehiscence :  p  parietal  placentsB;  a  eeeds.    (Mag.) 


Viola  is  the  Violet,  Pansy,  or  Heart's-ease  :— many  species,  as  F.  odorata,  the 
Sweet  Violet,  have  only  an  underground  stem  which  bears  cataphyllary  leaves, 
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and  whiob  throws  up  petiolate  foliage-leaves,  and  braoteolato  t)edancles  each 
bearing  a  single  flower :  V,  odorata  has  runners,  but  hirta  and  collina  have 
none:— in  others,  ae  V.  canina,  the  Dog-Yiolet,  the  main  stem  is  above  ground 
and  bears  the  foliage-leaves  : — in  V,  mirabilis  these  two  forms  are  so  combined 
that,  in  the  spring,  flowers  are  developed  from  the  rhizome  which  have  large  blue 
petals  but  are  always  sterile  ;  it  is  not  till  later  that  inconspicuous  (oleistoga- 
mous,  p.  453)  flowers  with  minute  petals  appear  on  the  leafy  stem,  and  these 
only  are  fertile: — ^in  V.  tricolor  and  its  allies  the  stipules  are  leafy  and 
pinnatifid. 

Cohort  V,    Sarraceniales.    Flowers  xegalar,  generally  actino- 
morpbic,  sometimes  monochlamydeoas :  stamens  often  numerous, 
ovary  syncarpous,   uni-   or  malti-locnlar;    placentation   yarioiis; 
seeds   many,   with   endosperm; 
leaves  adapted  in  various  ways 
for  the  capture  of  insects. 

Order  1.  Sarbacekiacea. 
Flowers  5,  nsnally  dichlamy- 
deons,  hemi cyclic  :  stamens  15 
or  more :  ovary  either  unilocular 
and  more  or  less  chambered,  or 
3-  or  5-locular;  placentation  pa- 
rietal or  axile  :  leaves  pitchered 
(Fig.  410). 


This  order  includes  the  three  her- 
baceous genera  Sarracenia,  Darling- 
tonia,  snd  Heliampbora.  The  two 
former  have  pentamerous  dichlamy- 
deoas  flowers,  each  borne  singly  on  a 
peduncle;  the  sepals  and  petals  are 
in  i  arrangement,  and  the  stamens 
are  indefinite  in  Sarracenia  and  15  in 
Darlingtonia ;  carpels  5,  antisepalous 
in  Sarracenia,  antipetalous  in  Dar- 
lingtonia: they  grow  on  moors  and 
marshes  in  North  America.  Heliam- 
pbora b^ars  its  flowers  in  racemes; 
the  flower  has  a  simple  petaloid  peri- 
anth, indefinite  stamens,  and  a  trilooular  ovary;  it  is  a  native  of  British 
Ouiana. 

Order  2.  Nepenthacejb.  Flowers  dioecious,  monochlamydeous, 
tetramerous  :  stamens  generally  4-16,  coherent  into  a  central 
column  :  ovary  quadrilocular,  with  axile  or  somewhat  superficial 
placentation:  leaves  pitchered  (Fig.  37,  p.  58). 


Fio.  410.— Leaves  and  flowers  of  Sarnt- 
otnia  purpurea  (\) :  the  leaf  to  the  left  has 
been  cat  aoroai. 


V.  8.  B. 
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This  tropical  order  inclades  the  single  genns  Nepenthes,  with  abont  40 
species,  obiefly  inhabiting  the  Malay  Archipelago,  hot  extending  to  Ceylon, 
Aastralia,  the  Seychelles,  and  Madagascar:  they  are  mostly  dimbing  shmbe 
with  leaf-tendrils. 

Order  3.  Droseeacejj.  Flowers  9 »  dichlamydeons,  generally 
pentamerons :  stamens  5  or  6" :  carpels  2-6 ;  ovary  nsuallj  uni- 
locnlar  with  parietal  placentee  :  leaves  not  pitchered. 

Herbaoeons  plants,  constituting  the  six  genera  Dioniea,  Aldrovanda,  Koridnla, 
Byblis,  Drosera  (the  Sundew)  and  Drosopbyllum :  in  Diousea,  Aldrovanda,  and 
Drosophyllum,  the  gynseceum  consists  of  5  antipetaloas  carpels,  and  the  ovary 
is  unilocular ;  in  Drosera  and  Boridula  the  gynieoeum  is  usually  trimerous,  the 
ovary  unilocular  in  the  former,  trilocular  in  the  latter;  in  Byblis  it  is  dimerous 
and  bilocular.  The  leaf -blade  of  Dion  sea  (Venus*  fly-trap)  and  of  Aldrovanda 
is  sensitive  to  touch,  the  two  halves  closing  sharply  along  the  mid()le  line  when 
irritated :  the  leaves  of  the  other  genera  are  provided  with  irritable  glandular 
tentacles  (see  Figs.  42,  43,  p.  66).  Aldrovanda  {A.  vencidata)  ia  a  rootleaa, 
floating  water-plant. 

Cohort  VI.  Guttiferales.  Flowers  usually  cyclic,  generally 
actinomorphic,  and  pentamerous:  sepals  nsnally  free,  with 
imbricate  sesfcivation:  stamens  usually  indefinite:  gynsBcenm 
syncarpons,  ovary  nni-  or  mnlti-locnlar :  seed  ezalhnminons. 

Order  I.      HYPKRrcACEiB.     Formula  usually  ^5,  05,  ^O-fSoo, 
015)  -   or  -40  -f  3» ,  0®-    Sepals  sometimes  united  at  the  base :  star 
mens   usually  indefinite  and   polyadelphous ; 
when  in  five  bundles,  the  bundles  are  super- 
posed on   the  petals ;    this    position    of    the 
stamens  is  generally  attributed   to  the   sup- 
pression of  an  outer  whorl  of  stamens  which 
is  indicated  by  staminodes  in  species  of  all 
the  genera  :   ovary  uni-  or  multi-locular,  or 
Pjo.  411.  —  Diagram  of      many-chambered ;  capsule  septicidal ;   ovules 
Hypericum.  numerous,   anatropons;   placentee  parietal  or 

axile.     Herbs  or  under-shrubs  with  decussate  entire  leaves,  which 
are  dotted  over  with  translucent  oil-glands ;  exstipulate. 

The  following  are  examples  of  the  different  relative  numbers  of  staminal 
bundles  and  of  carpels : — 

Staminal  bandies  5,  carpels  5 :  Hypericum  calycinum, 

Staminal  bundles  3,  carpels  3 :   if.  humi/usumf  hirtutumt  mantanum,  per- 

foratum^  unduiatum^  barbatum, 
Staminal  bundles  5,  carpels  3  :  H,  AndrottBmumt  hircinumj  elatum. 
Staminal  bundles  3,  carpels  5 :  H.  peplidifolium. 
All  these  species,  except  the  last  (St.  John's  Worts,  or  Tatsans),  ooonr  wild  in 
Britain. 
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Order  2.     Tamaricacea.     Flowers  4-  or  5-meroii8,  with  one  op 
two  whorls  of  stamens :  calyx   gainosepalous :    ovary  nsnally  tri-   * 
meroQS,  nnilocalar,  with  basal  or  parietal  pla-centation :    capsule 
locnlicidal :  seeds  with  hairs :  flowers  in  racemes  or  spikes. 

Tbis  order  indades  the  shrabs  known  as  Tamarisks:  Myriearia,  Tamarix, 
Beaumaria,  and  Foaquiera.  Myriearia  {Tamarix)  germaniea  has  monadelphons 
stamens.    Tamarix  galliea  (or  T.  angliea)  has  become  naturalised  in  England. 

Closely  allied  with  this  order  and  with  the  Elatinaoeie  is  the  small  order  of 
Fbankbniacejb  ;  the  flower  resembles  that  of  Tamarix  in  the  gamosepalons 
GalyxAnd  in  the  morphology  of  the  gynnceom  :  Frankenia  lavii,  the  Sea-Heath, 
occurs  in  salt  marshes  in  Britain. 

Order  3.  Elatinace*.  Small  water-plants,  with  entire  stipulate 
leaves  opposite  or  in  whorls :  flowers  3-4-meroas ;  formala  J^n, 
On,  An  +  n,  Q^^ ;  solitary,  without  bracteoles,  borne  in  the  axils  of 
the  foliage-leaves :  ovary  multilocular. 

E,  hexandra  and  Hydropipfr  (Waterworts,  or  Water-peppers)  oeenr,  but  not 
commonly,  on  the  margins  of  lakes  in  England. 

Order  4.  TEBNSTROiifUCEJE.  Perianth  spiral ;  the  calyx  is  not 
clearly  distinguishable  from  the  numerous  bracteoles :  stamens  in- 
definite :  ovary  multilocular.  Trees  or  shrabs  with  scattered, 
generally  coriaceous,  entire  leaves,  without  stipules. 

CameUia  japomca  is  a  favourite  ornamental  shrub :  Thfa  ehinensu,  of  which 
the  dried  leaves  are  tea ;  black  and  green  tea  are  varieties  resultiog  only  from 
the  mode  of  dryiog  the  leaf. 

Order  5.  Clusiacb*  (Guttifer*).  Trees  or  shrubs  with  di- 
clinous flowers. 

Order 6.  DiPTEROCARPACKiB.  Trees:  leaves  usually  stipulate: 
the  gamosepalons  calyx  enlarges  very  much  during  the  ripening  of 
the  fruit. 

Dryobalannpg  Camphora^  a  native  of  Sumatra,  yields  the  Borneo  Camphor. 

Cohort  VTI.  Mai  vales.  Flowers  cyclic,  generally  pentamerous 
and  actinomorphic :  calyx  often  gamosepalons,  with  valvate  {esti- 
vation: corolla  with  usually  contorted  sBstivation:  stamens  typi- 
cally in  two  whorls,  frequently  obdiplostemonous,  sometimes 
branched,  and  often  connate :  carpels  usually  five  and  then  anti- 
petalous,  often  forming  a  multilocular  ovary:  seed  usually  with 
endosperm. 

Order  1.  Tiltaoex.  Sepals  usually  free:  stamens  10  or 
indefinite,  sometimes  polyadelphous ;  in  the  indigenous  species  the 
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staminal  whorl  opposite  to  the  sepals  is  sappressed,  and  there  are 
5  antipetaloas  staminal  bandies;  anthers  4-1ocalar,  opening  by 
pores  or  valves  :  gfjnaeceam  nsnallj  completely  sjncarpous  ;  style 
1 ;  ovary  usually  5-locular,  each  loculus  containing  two  ovnles ; 
but  the  fruit  is  generally  only  one-seeded.  Mostly  trees  or 
shrubs :  leaves  alternate,  stipulate. 

,  The  only  indigenous  genus  is  Tilia,  the  Lime-tree.  It  has  oblique  leaves  with 
decidaous  stipules ;  the  annu  d  shoots  have  not  a  terminal  bud.  The  inflor- 
escence is  cymose,  few- flowered  :  the 
peduncle  is  adnate  to  the  leafy  bract ; 
this  is  brouglit  about  in  the  following 
manner:  in  the  axil  of  the  leaves 
there  is  usually  a  bud,  together  with 
an  i&Herescence  (Fig.  412) :  the  bract 
(Fig  412  h)  and  the  bud-scale,  which 
is  opposite  to  it,  are  the  first  two 
leaves  of  the  axillary  shoot  which  is 
terminated  by  the  inflorescence,  the 
peduncle  of  which  is  adnate  to  the 
bract  for  some  distance :  the  bud  is  a 
winter-bud  developed  in  the  axil  of 
the  above-mentioned  bud-scale.  The 
inflorescence  itself  terminates  in  a 
flower ;  other  flowers  are  borne  in  the 
axils  of  its  two  bracteoles,  and  other 
flowers  again  may  be  developed  in  the 
axils  of  their  bracteoles,  and  so  on. 
T.  pfatyphyllos^  the  large -leafed  Lime, 
has  a  few- flowered  inflorescence,  and 
leaves  which  are  bright  green  and 
downy  on  the  under  surface :  T.  ear- 
data  has  an  inflorescence  which  con- 
sists of  a  large  number  of  flowers,  and 
has  small  leaves  which  are  bluish- 
green  and  pubescent  with  red  hairs  on 
the  under  surface.  T.  vulgarU  is  the 
common  Lime.  In  the  American 
species  the  innermost  stamens  are 
Fie.  412.— Inflorescence  of  the  Lime,  TiZia      staminodia.     Corchorus,   in  the  East 

platyphyllo*:    a  branch;    h    peiiole   with      Indies,  yields  Jute,  which  consists  of 

axUlarybud.    Attached  to  the  peduncle  is  fiK«»a 

the  bract  (fc):  k  calyx;  o  corolla; »  stamens;       ''^^  oasi-nores. 

/ovarj;  fcmflower-bud  (nat.  aixe).  ^     -,  n        c% 

■'       ^*  Order  2.     Stebculiacbje. 

Calyx  gamosepalous :  androBcium  obdiplostemonons ;  the  stamens 
which  are  opposite  to  the  petals  are  6  or  multiple,  sometimes 
more  or   less  monadelphous  ;    those  which  are   opposite   to  the 


DJC0TYLED0NE8:    POLYPETALJE  :    THALAMIFLORiE. 


611 


sepals  are  staminodes  or  they  are  suppressed :  anthers  4-locular  : 
the  corolla  is  sometimes  wanting :  gynaeceum  nsnally  syncarpous, 
with  a  single  style  and  a  6-locular  ovary  with  2-qo  seeds  in  each 
loculus.     Flowers  sometimes  diclinous  (StercnlieaB). 

Theobroma  Cacao  is  a  tree  of  tropical  America,  the  seeds  of  which  contain  a 
nitrogenous  substance  Theobromine  and  a  fixed  oil ;  from  them  Chocolate  is 
prepared.  The  seeds  of  Cola  acuminata,  a  tropical  African  tree,  have  similar 
properties. 

Order  3.  MALVACBiK.  Calyx  usually  gamosepalous,  frequently 
invested  by  an  epicalyx  (p.  494)  ;  the  corolla  is  adnata  at  the 
base  to  the  androecium :  the  typically  obdiplostemonous  androe- 


PiG.4\9.—A  Flovrerof  MaXva  AU$a  (nat.sise):  Ic  calyx;  c  corollk  :  •  connate  stamens, 
with  tbe  anthem  (a) ;  n  stigmata.  B  Fruit  or  Althaa  rosea  enclosed  in  (Ic)  the  calyx :  die 
epicalyx.  C  The  same  after  the  removal  of  the  calyx.  D  A  single  coccus  of  the  same  in 
longitudinal  section :  •  seed ;  to  radicle ;  sf  cotyledon  of  the  embryo  (mag.). 

cium  is  a  long  tube  (Fig.  413-4)  consisting  of  five  monadelphous 
usually  branched  stamens  which  are  opposite  to  the  petals,  each 
branch  bearing  a  bilocnlar  anther;  there  is  sometimes  an  inner 
series  of  staminodes  opposite  to  the  sepals :  carpels  5-oo ;  styles 
many,  connate;  the  gynsdceum  is  sometimes  almost  apocarpous 
(Malopeee)  ;  usually  syncarpous  with  a  multilocnlar  ovary,  split- 
ting into  cocci  (Fig.  413  C  D),  with  usually  one  ovule  in  each 
coccus  (p.  630),  or  a  loculicidal  capsule  (Hibiscese),  TJnder- 
shrubs  or  herbs  :  leaves  stipulate  and  genei'ally  palmately  veined. 

Malva,  the  Mallow,  has  an  epicalyx  of  three  braoteoles,  Hibiscus  has  one  of 
many  bracteoles,  and  Althsa  has  one  of  6-9  bracteoles :  Althaa  rosea  is  the 


612  PABT  III. — THB   CLASSIFICATION   OP    PLANTS. 

Hollyhock,  and  A,  ojicinali*  is  the  Mardh-mallow :  several  speoies  of  Malra  are 
indigenous,  M.  tylvettrU,  rotundifolia,  and  mosckata :  Go$$ypium  herbacf.um 
(with  the  Tars,  religiosum  and  JUrsutum)  and  O.  arbareum  in  Egypt  and  the  East 
Indies,  and  G.  barbadente  (with  var.  peruvianum)  in  America,  yield  Cotton, 
which  consistB  of  the  long  hairs  on  the  testa  of  the  seed. 

SEBIES  U.— DISCIFLOR^. 

Flowers  typically  encyclic  and  generally  pentamerons,  often 
obdiplostemonons  sepals  free  or  coherent :  petals  in  a  single  whorl : 
stamens  nsnally  definite,  and  hypogynoas:  a  disc  is  usually  present: 
gynsecenm  generally  syncarpoas. 

Cohort  I.  Geraniales.  Flowers  usually  pentamerous  through- 
out; formula  K5,  C5,  1  il5  +  5,  G^^;    generally  obdiplostemonons: 

the  carpels  are  opposite  to  the  petals : 
ovary  nsnally  5-locular,  with  1  or  2 
suspended  ovules;  the  micropyle  is 
directed  inwards:  disc  various  or 
wanting. 

Order  1.  Geraniacej:.  Disc  usually 
represented  by  a  gland  at  the  base  of 
and  outside  each  of  the  antisepaloiis 
stamens :  flowers  usually  actinomor- 
phic :  stamens  connate  at  the  base  : 
the  carpels  are  prolonged  into  a  car- 
pophore (Fig.  414  A  a)  ;  two  ovules  in 
each  loculus;  the  fruit  is  septicidal 
from  below  upwards,  the  awns  of  the 
separating  cavpels  (cocci)  rolling  up 
n  (Fig-  414  B),     Seed  devoid  of  endo- 

sperm.     Herbs ;  leaves  simple,  stipa- 

FiG.  414.— Fruit  of  Geraniam.  A  I^^^q 
Before,  B  after  debiMance ;  •  pe- 
dicel ;  /  looali  of  the  ovary ;  a  in  £  Geranium  Has  10  stamens :  in  most  species 
the  awii :  n  stigcna;  a  and  6  carpo-  ^^  ^^^  ^  expelled  on  the  sudden  rolling  up 
V  '  y  '  ^£  the  awn:  Geranium  pratente,  ly/vattcum, 
ianguineuniy  colunibinum,  and  other  species,  the  Crane's-bills,  are  wild  in  Eng. 
land;  G.  Kobertianum,  Herb-Bobert,  is  universally  distributed.  Erodium,  the 
Stork's-biU,  has  the  5  stamens  which  are  opposite  to  the  petals  transformed 
into  staminode? ;  E,  eieutarium  is  common  in  waste  places.  Pelargonium,  in 
many  varieties,  is  a  well-known  garden-plant:  the  flowers  are  irregular  and 
dorsiventral ;  the  disc  is  absent,  but  the  posterior  sepal  is  provided  with  a 
glandular  spur  which  adheres  to  the  pedicel.  The  cocci  of  Erodium  and 
Pelargonium  aie  indehiscent,  and  are  forced  into  the  ground  by  the  li^ovement 
of  the  hygroscopic  awn. 


DICOTTLEDONES  :   FOLYPETA.LJB :   DI8CIFL0R1&.  613 

Order  2.  Linacka.  Disc  generally  a  whorl  of  10  small  extra- 
staminal  glands :  formula  Kby  C5,  (  |  il  f  5  +  5),  G^ :  flowers  acti- 
nomorphic,  rarely  all  the  whorls  are  tefcramerons :  stamens  mona- 
delphoas  at  the  base ;  the  whorl  of  stamens  opposite  to  the  petals 
is  replaced  by  staminodia :  each  locnlns  of  the  ovaiy  contains  two 
ovules,  and  is  often  divided  into  two  by  a  more  or  less  complete 
false  dissepiment :  seed  nsnally  contains  endosperm  :  capsule  septi* 
cidal.  Herbs  or  shrnbs;  leaves  simple,  entire,  with  or  without 
stipules. 

Linum  utitatUHmum  is  the  Flax :  the  strong  bast-fibres  are  used  in  weaving 
Uuen ;  the  seeds  contain  oil ;  the  walls  of  the  oater  cells  of  the  testa  are  muci- 
laginous. There  are  several  British  species  of  Linum.  Badiola,  the  other 
British  genus,  has  tetramerous  flowers. 

Order  3.  Eeythroxtlacejj.  Flowers  regular:  petals  five,  with 
a  ligular  appendage :  stamens  ten,  connate  at  the  base  by  means 
of  a  disc  and  forming  a  tube :  ovary  2-3-locular,  with  one  sus- 
pended anatropous  ovule  in  each  loculus  :  seed  with  endosperm. 

The  wood  of  most  of  the  species  contain  a  red  dye.  The  leaves  of  Erythroxy' 
Icn  Coca  are  used  as  a  stimulant :  thejr  contain  cooain. 

Order  4.  Oxalidaceje.  Disc  present  as  small  glands  at  the  base 
of  the  antipetalous  stamens,  or  of  all  of  them :  .flowers  actino- 
morphic;  formula  Kh^  CS,  (1^15  +  5),  G-;  the  antipetalous 
Btamens  are  sometimes  staminodial ;  those  which  are  opposite  to 
the  sepals  are  the  longest :  ovules  numerous ;  fruit  a  capsule,  or 
more  rarely  a  berry;  seed  containing  endosperm.  Herbs,  with 
compound  (temate),  generally  exstipulate  leaves. 

Oxali$  Acetotella,  the  Wood- Sorrel,  is  frequent  in  woods ;  it  contains  much 
potassium  oxalate.  The  tuberous  roots  or  underground  stems  of  some  American 
species,  as  0.  escuUnta^  erenata^  and  Deppei,  contain  much  mucilage,  and  are 
used  as  food.  Some  species  {e.g.  0.  graeilU)  show  trimorphic  heterostylism 
(p.  455) :  others  {e.g.  0.  Aeetosella),  have  cleistogamous  flowers  (p.  453).  The 
leaves  of  Oxalis  and  Averrhoa  show  sleep-movements :  those  of  Biophytum  are 
sensitive  to  touch. 

Order  5.  Balsaminaceje.  Disc  0:  flowers  irregular,  dorsi ventral ; 
formula  KS,  C5,  i  ^0  +  5,  &^ :  the  posterior  sepal  is  spurred,  and 
the  two  anterior  are  small  or  absent :  the  anterior  petal  is  large : 
ovary  5-locular ;  ovules  numerous ;  the  fruit  is  loculicidally  septi- 
fragal,  the  valves  separate  elastically  and  roll  upwards,  so  that  the 
seeds  are  projected  to  some  distance;  seed  without  endosperm. 
Herbs,  with  simple  exstipulate  leaves. 
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Order  1.  Sapindacejk.  Flowers  usually  irregular,  obliquely  zy- 
gomorphic  or  asymmetric,  in  that  the  two  petals  of  one  side  are 
larger  and  of  somewhat  different  form  to  the  three  others;  of 
these,  one,  which  lies  in  the  plane  of  symmetry,  is  sometimes  want- 
ing: two  or  three  of  the  antisepalous  stamens  are  usually  sup- 
pressed, so  that  the  number  is  eight  or  seven ;  they  are  inserted 
within  the  disc:  the  ovary  is  trilocular;  ovules  two  in  each 
local  us :  seed  without  endosperm. 

iBsouluB  has  opposite,  palmately  compoand,  exstipalate  leaves  ;  the  flowers 
are  in  terminal  scorpioid  racemes ;  the  fruit  hai  a  locolicidal  dehisoence :  M» 
Hippocastanum  is  the  Horse-Chestnat,  derived  from  Asia;  jE,  cornea^  JEJ. 
Pavia,  and  other  species  are  frequently  cultivated.  A  great  number  of  genera 
and  species  grow  in  warm  climates;  they  have  generally  scattered  pinnate 
leaves:  often  climbers  with  branch-tendrils.  The  fleshy  fruit  of  Sapindtu 
Saponaria  makes  a  lather  with  water  like  soap. 


Fio.  417. -Floral  dia. 
gram  of  .^Cscalus :  but 
the  missing  uttimeuB 
shoald  be  repreBeaied 
as  antisepaloas. 


Fio.  418.— Fruit  of  A.  ilaanoiUn,  dividing  Into 
two  meriearps  m ;  a  pedicel ;  fl  wings  (nat.  sixfX 


Order  2.  Acerace*.  Flowers  regular:  stamens  commonly  eight, 
in  consequence  of  the  suppression  of  the  two  median  ones,  variously 
inserted :  disc  annular,  rarely  absent,  extrastaminal  or  intra- 
staminal :  ovary  bilocular ;  ovules  two  in  each  loculus ;  when  ripe 
the  fruit  splits  into  two  one-seeded  winged  meriearps  (samaras) 
(Fig.  418):  leaves  opposite,  palmately  lobed,  sometimes  compound, 
exstipulate  :  flowers  in  terminal  racemes,  sometimes  in  corymbs, 
with  an  apical  flower :  seed  without  endosperm. 

Tbe  principal  species  of  Acer,  the  Maple,  are  A.  Paeudoplatanw^  the  Sycamore, 
having  leaves  with  crenate  margins,  flovvers  in  elongated  pendulous  racemes, 
blooming  after  the  unfolding  of  the  leaves,  and  parallel -winged  fruits ;  A, 
platanoidet,  having  leaves  with  serrate  margins,  flowers  in  short  erect  racemes 
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blooming  before  the  unfolding  of  the  leaves,  and  fruits  with  widely  diverging 
wings  (even  more  than  in  Fig.  418) ;  A.  eampestre,  tbe  common  Maple,  which 
is  sometimes  shrubby,  with  a  trilobate  leaf,  short  erect  racemes  of  flowers  which 
bloom  after  the  unfolding  of  the  leaves,  and  fruits  with  wings  which  are  dia- 
metrically opposite.  Some  North  American  spedes  are  often  cultivated,  such  as 
A.  rubrum^  with  five  stamens  opposite  to  the  sepals,  and  a  rudimentary  disc ; 
A»  doMyearpum^  with  the  same  namber  and  position  of  the  stamens,  without  any 
corolla,  and  having  dioscious  flowers ;  A.  Negwndo,  with  compound  3-5  foliolate 
leaves,  and  dioecious  flowers  like  those  of  the  preceding  species.  Sugar  is 
prepared  from  the  sap  of  A.  stieeharinum  and  daaycarpum  especially. 

Order  3.  PoLTOALACEiB.  Flowers  irregular,  dorsiventral ;  the 
two  lateral  sepals  oonspicnonsly  large  and  known  as  "  wings  " 
(Fig.  419  A;') :  petals  three,  the  two  lateral  being  absent;  the  an- 
terior petal  is  very  large  and  carinate :  stamens  asaally  eight, 
forming  a  tube  open  posteriorly,  to  which  the  corolla,  or  at  least 
the     anterior 

petal,  is  adnate  ^  -  K't^^'*'        ^ 

(Fig.  419^):  disc 
rudimentary: 
carpels  two, 
median,  forming 
a  bilocular 
ovary,  each 
loculns  con- 
taining a  single 
suspended 
ovule  :     iruit 

usually,  a  capsule.  The  flower  somewhat  resembles  that  of  the 
Papilionees,  but  it  must  be  borne  in  mind  that  here  the  two  "  also  " 
or  wings  belong  to  the  calyx. 

The  flower  of  the  PolygalaceflB  resembles  that  of  the  Acerace»  in  the  suppres- 
sion of  two  stamens  in  the  plane  of  the  two  carpels. 

Polygala  vvlgaris,  avutra,  and  others,  the  Milkworts,  are  herbs,  woody  at 
the  base,  occurring  in  woods  and  meadows. 

Order  4.  ANACARDiACEiE.  Flowers  usually  actinoniorphic,  and 
often  diclinous:  stamens  usnally  inserted  on  the  disc,  but  disc 
sometimes  absent:  gynseceum  of  but  few  carpels;  sometimes  one 
only  is  developed,  the  others  being  represented  by  two  or  more 
stigmata;  each  loculus  of  the  ovary  contains  one  anati-opous 
ovule  with  dorsal  raphe :  resin-ducts  present :  seed  without  endo- 
sperm. 


Fig,  419  —Flower  of  Poly^ala  gramdifiora.  A  JVon  from  ouU 
Kfle  after  ttie  removal  of  the  wing-aepal  le.  B  Longitudinal 
section :  k  oalyz ;  k'  wing ;  o  corolla;  •  tube  of  atamens.  (AOer 
fetacba.) 
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Yarions  spi^cies  are  cnltWated  as  ornamental  plants.  In  Cotinns  many  of  the 
flowers  are  abortive,  and  the  hairy  peduncles  become  mach  elongated.    The 

genus  Rhus  includes  the  Sumachs;  there  are  no 
antipetalous  stamens:  J?.  Coriaria  (Southern 
Europe)  is  used  in  tanning.  PUtaeia  vera,  in 
Southern  Eorope,  bears  edible  seeds  (Pistachio- 
kernels)  ;  in  the  flowers  of  this  genus  the  petils, 
and  in  the  ^  flower  the  stamens  which  are 
opposite  to  them,  are  suppressed. 


Fi«.  420.— Floral  diagram  of 
Rhus. 


Cohort  Til.  Celastrales.  Flowers 
regular,  frequently  actinomorphic,  4-5- 
merous ;  only  one  whorl  of  stamens^ 
which  either  alternates  with  or  is  opposite  to  the  petals,  is  nsnally 
present :  disc  usually  within,  sometimes  external  to,  the  androe- 
cinm :  ovules  usually  erect :  the  seed  nearly  always  contains 
endosperm.     Trees  or  shrubs. 

Order  1.  Celastracejj.  Formula,  Kn,  On,  ^n,  O  (n)  or  less, 
n=4  or  5 :  sepals  imbricate :  stamens  and  carpels  inserted  on  a 
flattened  disc :  stamens  alternate  with  the  petals :  usually  two  ovules 
in  each  loculus  of  the  ovary :  leaves  scattered,  entire,  stipulate. 

In  the  genus  Euonymus,  the  Spindle-tree,  the  loonlicidal  capsule  contains 
seeds  invested  by  an  orange-coloured  arillode  (p.  459) ;  E.  europisa  occurs  both 
cultivated  and  wild. 

Order  2.  Staphtleacejb.  Flowers  pentamerous :  stamens  alter- 
nat-e  with  the  petals :  disc  intrastaminal :  ovary  generally  trimerous 
and  trilocular ;  ovules  numerous :  leaves  decussate,  pinnate,  stipu- 
late :  seed  with  small  endosperm. 

Staphylea  pinnata  is  grown  in  gardens. 


Order  3.    Rhamnacejb. 


Fio.  421.— Flower  of  IZhamnus 
Frangula  (mag.) :  k  sepals  con- 
nate at  the  base  into  a  tabe  (d)  { 
e  bood-nhaped  petals  enclosing 
the  stamens  (a). 


Formula,  JTn,  Cn,  Mn,  6?^;  n=4 
or  5:  calyx  usually  gamosepalous,  val- 
vate :  petals  usually  small  and  often 
hood-shaped  (Fig.  421  c),  enclosing  the 
stamens  which  are  opposite  to  them  : 
flowei-s  sometimes  diclinous:  usually  a 
single  ovule  in  each  loculus  of  the  ovary 
which  is  invested  hy  a  disc:  leaves 
usually  scattered,  entire,  stipulate :  fruit 
a  drupe  or  a  capsule. 

Phamnia  cathartica,  the  Buckthorn,  has  op> 
posite  leaves  and  thorny  twigs:  the  berries  of 
R,  infectoria,  in  Southern  Europe,  yield  a  green 
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or  yellow  dye ;  R.  Frangula  has  scattered  leaves ;  its  wood  produces  a  par- 
ticularly light  charcoal. 

Order  4.  Ampelidagejs.  Formnla  same  as  in  Khamnacess:  sepals 
small ;  the  corolla  is  often  thrown  off  befoi^e  it  opens  (Fig.  422  A  c) : 
a  glandular  disc  between  the  androecinm  and  the  gjnsBcenm: 
ovnles  one  or  two  in  6aeh  locnlas :  fruit  baccate.  Climbing  plants, 
with  stem-tendrils ;  leaves  palmate,  exstipulate  or  stipulate. 

VitU  viniferay  the  Grape-Yine,  probably  derived  from  the  East,  is  cultivated 
in  endless  varieties ;  other  species,  such  as  V,  vulpina  and  Lahrusca,  as  also 
AmpeloptU  hederaceCt  the  Virginian  Creeper,  are  also  frequently  cultivated.  The 
tendrils  of  the  Vine  (Fig.  24  A)  are  branches  bearing  scaly  leaves  in  the  axils  of 
which  other  branches  arise:  their  peculiar  position  opposite  to  the  foliage- 
leaves  mfty  be  explained  as  follows:  the  ordinary  shoots  are  sympodia,  and 
each  tendril  is  the  terminal  segment  of  a  member  of  the  sympodinm ;  the  fol- 
lowing member  is  a  shoot  springing  from  the  axil  of  the  loliage-kaf  which  is 
opposite  to  the  tendril. 
Every  third  leaf  has  no 
tendril  opposite  to  it, 
that  is  to  say,  the  mem- 
bers of  the  sympodium 
alternately  bear  one  or 
two  leaves.  The  inflor- 
escences occupy  the 
same  positions  as  the 
tendrils.     Each  leaf  has  y»»»  4M.— Flower  of  VitU  «t»i/«m,  and  diagram.    A  At 

also  a  bud  in  its  axil        ****  moment  of  opening.    BOpen;  k  calyx;  c  corolla j  d 

...         .^.  .    '       glands }  •stameus; /ovary  I  nttigmafslightlymag.X 

which    either    remams 

undeveloped  or  gives  rise  to  a  dwarf-shoot :  from  the  axil  of  the  oataphyllary  leaf 

of  the  dwarf-shoot  an  ordinary  shoot  is  developed.    In  some  species  of  Ampe- 

]opsis  (e.p.  A.  Vntchii  and  Roylei)  the  tendrils  attach  themselves  to  flat  surfaces 

by  means  of  discoid  suckers  developed  at  their  tips. 

Order  5.  Aquifolucej:.  Disc  wanting :  one  or  two  suspended 
ovules  in  each  locnlus  of  the  usually  tetramerous  ovary  :  stamens 
free,  or  adnate  to  and  alternate  with  the  petals  :  petals  often  con- 
t&te  at  the  base :  leaves  scattered,  ezstipulat'O. 

Ilex  Aquifoliam,  the  Holly,  with  its  coriaceous,  spinous,  evergreen  leaves,  is 
common  in  plantations  and  woods :  fruit  a  beriy.  The  leaves  known  in  com- 
merce as  Paraguay  tea  are  derived  from  /.  paraguendi  in  South  America. 

Order  6.  Thymel^acej:.  Flowers  more  or  less  perigynous, 
with  a  disc;  calyx  and  receptacle  petaloid,  with  a  four-lobed 
limb  (Fig.  329  D)  ;  corolla  often  suppressed,  or  more  or  less  rudi- 
mentary :  stamens  sometimes  in  two  whorls,  and  then  the  four 
stamens  opposite  to  the  sepals  are  inserted  higher  on  the  tube  of 
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the  calyx  than  the  four  which  alternate  with  the  sepals  (Fig.  423) : 
gynaeceum  nsaally  monomerons;  ovule  suspended;  fruit  a  berry : 
seed  without  endosperm. 

Daphne  Mfzereon  is  common  in  woods ;  the  nsually  8- flowered  inflorescences 
are  borne  in^the  axils  of  the  foliage  leaves  of  the  previous  year,  and  they  bloom 
before  the  development  of  the  leaves  of  the  same  year. 

This  order  is  frequently  placed  among  the  Monochlamydes,  but  this  position 
is  untenable  in  consequence  of  the  presence  of  a  corolla  in  some  genera  (e.g, 
Gnidia). 

Order  7.  Eljeagnacejg.  Flowers  diclinous  or  polygamous,  4-  or 
2-merous;  the  corolla  is  suppressed:  the  stamens  opposite  to  the 
sepals  are  sometimes  wanting  (Fig  424  B)  ;  a  disc  (Fig.  424  A,  d) 
usually  closes  the  receptacle :  fruit  an  achene,  surrounded  by  the 


Fio.  423.— Calyx  of  the  fo«rer  of 
Daphne  Mtxercon  laid  opan  ( x  6) :  o 
the  foar  &uperior,  u  the  Tonr  inferior 
BtAmens,  adnate  to  the  calyx. 


FlO.  421— Flower  of  RUBognua  ^«ca.  A 
In  lonfiitudinal  section.  B  Floral  diagram 
d  disc  (mag.:  after  Sachs). 


receptacle  or  by  the  whole  perianth :  gynoBceum  monomerons  : 
ovule  basal :  seed  with  small  endosperm :  the  leaves  are  covered, 
especially  on  the  under  surface,  with  scaly  hairs. 

This  order  is  also  frequently  placed  among  the  MonochlamydesB :  but  although 
no  corolla  is  indicated,  the  order  must  be  retained  near  the  ThymelsBacesB. 

Hippopha^  rhamnoidft,  the  Sea  Buckthorn,  is  a  shrub  which  is  sometimes 
common  on  the  banks  of  streams ;  the  smaller  branches  mostly  terminate  in  a 
thorn  ;  the  flowers  are  dioecious  and  dimerous ;  when  the  fruit  is  ripe  the  fleshy 
receptacle  is  of  an  orange  colour.  Elaeaguus  has  tetramerons  polygamous  flowers 
(Fig.  424) ;  it  is  commonly  cultivated. 

Cohort  IV.     Euphorbiales.     Flowers  monosporangiate,  mono6- 
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cions  or  dioecioDs  ;  the  perianth  sometimes  consists  of  calyx  and 
corolla,  sometimes  it  is  simple,  and  occasionally  it  is  absent :  the 
ovary  is  asnally  trilocular,  with  one  or  two  anatropons  and  gener- 
ally saspended  ovnles  in  each  locnlas:  the  seed  contains  endosperm : 
the  strnctare  of  the  flowers  is  very  various.  The  affinities  of  the 
cohort  are  not  accurately  known  ;  but  it  can  no  longer  be  retained 
among  the  Monochlamydeas. 

Order  1.  EuPHORBiACEiE.  The  flower  exhibits  all  possible  de- 
grees of  reduction.  The  perianth  may  consist  of  calyx  and  corolla 
{e.g.  some  Phyllan these,  such  as  Andrachne,  Savia,  Bridelia ;  some 
Crotoneee,  such  as  Chrozophora,  Croton  sub-gen.  Eluferia,  Ja- 
tropha,  Cluytia,  etc.) :  more  commonly  the  corolla  is  suppressed, 
and  in  some  cases  {e.g.  Euphorbia)  the  calyx  also.  Thoandroecium 
varies  from  1  to  8  stamens:  thus  in 
Euphorbia  the  ^  flower  consists  of  a 
single  stamen,,  whilst  in  Ricinus  the 
fitamens  are  numerous  and  repeatedly 
branched  (Fig.  333)  :  they  are  some- 
times isomerous  with  the  perianth- 
leaves.  The  gynaeceum  is  typically 
trimerous;  but  the  carpels  may  be  more 
numerous  (5-20  in  Hura)  or  fewer  (1 
in  Eremocarpus)  :  the  syncarpous  ovary 
has  as  many  loouli  as  there  are  car- 
pels :  each  loculus  *  contains  one  or  two 
(then  collateral)  suspended  anatropons 
ovnles,  the  micropyles  of  which  are 
directed  outwards;  the  micropyle  is 
usually  invested  by  a  micropylar  aril 
(see  p.  459),  often  termed  the  caruncle, 
which  is  conspicuous  on  the  seed.  The 
fruit  is  usually  dry  and  dehiscent,  splitting  septicidally  into  cocci« 
A  disc  is  commonly  present,  and  is  frequently  annular  in  the  J 
flowers:  in  the  ^  flowers  the  disc  is  usually  extra-staminal. 

They  are  plants  of  various  habit,  from  kefbs  to  trees,  some 
resembling  species  of  CactacesB.  Many  of  them  possess  laticiferous 
tissue  (absent  in  Phyllantheaa  and  some  Stenolobeae),  consisting 
either  of  laticiferous  coenocytes  (EuphorbiesB :  see  p.  142)  or  of 
laticiferous  vessels  (Crotoneae)  :  the  latex  is  usually  milky,  and  in 
this  case  the  laticiferoas  tissue  is  more  highly  developed  than 
when  (as  in  Mercurialis)  the  latex  is  toot  milky. 


FlO.  4?6.— Part  of  an  inflores- 
cence of  a  Enpborbia :  b  b  bracts, 
in  tbe  axila  of  whiob  are  the 
buds  (fen):  p  is  tbe  involucre 
of  tbe  open  cjAthiam;  dr  tbe 
glands;  a  the  <}  floirers;  g  the 
pedicel  of  tbe  $  flower  (/) ;  %  tbe 
stigmata  (enlarged). 
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The  inflorescence  requires  special  consideration  :  it  is,  generally 
speaking,  of  the  mixed  type,  the  earlier  branchings  being  racemose 
whilst  the  final  branchings  are  cjmose :  in  the  monoecions  plants, 
as  a  rale,  both  kinds  of  flowers  are  borne  in  the  same  inflorescence, 
the    9  flowers  above, .  the  ^  flowers  below. 

In  the  family  EaphorbiesB  the  general  inflorescences  are  cjmose 
nmbels  or  dichasia,  the  branches  of  which  terminate  in  what 
were  formerly  regarded  as  ambisporangiate  flowers,  bat  are  really 
inflorescences,  each  one  being  termed  a  cyathium.  The  cyathinm 
consists  of  a  tabular  involucre  (Fig.  425  p),  consisting  of  bracts, 
often  brightly-coloured  (e.g.  Poinsettia),  between  the  five  lobes 
of  which  glandular  appendages,  often  of  a  semilunar  form,  are 
situated  (Fig.  425  dr).  Within  this  involucre  are  numerous  <y 
flowers  in  five  groups,  each  of  which  consists  of  a  single  stamen 
(Fig.  425  a)  and  is  terminal  on  a  long  pedicel,  and  one  ?  flower 
(Fig.  425  g)j  consisting  of  a  trilocular  ovary  (Fig.  425  /),  at  the 
base  of  which  an  indication  of  a  perianth  may  in  some  cases  be 
detected.  That  the  cyathium  is  an  inflorescence  and  not  a  single 
flower  is  most  clearly  visible  in  the  genus  Anthostema,  in  which  a 
perianth  is  distinctly  developed  round  each  stamen. 

Of  Euphorbia,  the  Spurge,  most  indigenous  species  are  annual  herbs,  as  E. 
PepluSt  exiguUf  platyphyllos  and  hflioMcopia  (the  common  San  Sparge),  whilst 
others  are  perennial  {E.  amygdaioidest  and  Paralias) :  some  South  European 
forms  are  small  shrabs,  as  £.  dendroide»  and  fruticosa :  in  Africa  and  the 
Canary  Islands  the  genus  is  represented  by  species  which  much  resemble 
CactaoesB  in  appearance;  their  stems  are  thick  and  cylindrical  or  angular 
or  sometimes  spherical,  producing  small  leaves  which  usually  soon  fall  off. 
In  Mercurialis  the  flowers  are  apetalous ;  the  S  flowers  have  a  three-leaved 
perianth  and  numerous  stamens ;  the  $  flowers  have  a  similar  perianth 
and  a  bilocular  ovary :  MercurialU  annua  and  perennis  (Dog*s  Mercury)  are 
weeds,  the  first  common  in  cultivated  ground,  the  second  in  woods;  their 
flowers  are  dicecions.  Bioinns  bears  its  monoecious  apetalous  flowers  in  a 
compound  inflorescence,  in  which  the  ^  flowers  are  placed  below  and  the  $ 
flowers  above:  the  perianth  is  simple  and  five-lobed:  Ricinut  communit  (the 
Castor-oil  plant)  is  a  native  of  Africa,  now  frequently  cultivated ;  Castor-oil  is 
obtained  from  its  seeds.  ,  Croton-oil  is  obtained  from  the  seeds  of  Crolon 
Tiglium.  Some  species  T  of  Phyllanthus  (Xylophylla)  have  phylloid  branches 
which  bear  their  small  flowers  in  the  axils  of  minute  bristle-like  leaves  situated 
in  indentations  at  the  edge  of  the  phylloclade.  The  root  of  Mamhot  utilU^ 
$imaf  a  South  American  plant,  when  ground,  constitutes  cassava,  and  it  yields 
the  starchy  meal  known  in  commerce  as  tapioca.  From  Siphonia  elasUca,  a 
species  growing  iu  Central  America,  most  of  the  caoutchouc  is  obtained. 

Order  2.     Buxace^.     Disc    wanting:    flowers    monoecious,    in 
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glomemles  in  which  the  terminal  flower  is  nsaallj  ?  and  the 
lateral  ones  (J  ;  the  latter  flowers  have  a  simple  4-leaved  perianth 
and  four  superposed  stamens  (rarely  numerous) ;  the  former 
have  a  trilocular  ovary  with  two  ovules  in  each  loculus,  the 
micropyle  of  the  suspended  ovule  heing  directed  inwards:  fruit 
a  capsule,  with  loculicidal  dehiscence.     For  the  most  part  shrubs. 

Buxus  gempervirerut  the  Box,  is  an  evergreen  shrub  of  Southern  Europe ;  the 
wood  is  YaluAble. 

Order  3.  Empetragbjc.  Disc  wanting :  flowers  dioecious,  with 
three  sepals,  three  petals,  three  stamens  or  a  6-9-locular  ovary : 
ovules  solitary,  ascending :  fruit  drupaceous.  They  are  shrubs 
resembling  Heaths  in  appearance. 

Empetrum  nigrum^  the  Crakebeny,  is  a  small  shrub  occurring  in  the  north  of 
Europe  and  in  thtf  Alps. 

Order.  4.  Callitrichacejb.  Aquatic  plants,  with  decussate, 
linear  or  ovate  leaves,  in  the  axils  of  which  stand  the  solitary 
diclinous  flowers  which  are  destitute  of  a  perianth :  the  ^  flowers 
consist  of  a  single  stamen;  the  f  of  a  bilocular,  spuriously 
quadrilocular,  ovary,  with  four  suspended  ovules,  the  micropyles 
of  which  are  directed  outwards. 

Callitriehe  vema  and  other  species,  forming  the  section  En-callitriohe,  are 
either  partially  submerged  or  they  creep  on  muddy  banks,  and  in  them  pollin- 
ation takes  place  in  the  air :  but  in  the  section  Pseado-callitriche  (of  which  C 
autumn€LU$  is  the  British  representative)  the  plants  are  entirely  submerged,  and 
consequently  pollination  takes  place  under  water  (see  p.  434). 

This  order  has  been  associated  with  the  Haloragidaoee ;  but  the  general 
structure  of  the  flower,  especially  the  remarkable  red  action  which  it  presents, 
and  the  number  and  attachment  of  the  OYoles,  seem  rather  to  indicate  affinity 
with  the  EnphorbiaceiB. 

SERIES  m.    CALTCIFLOB^. 

Flowers  epigynous  or  perigyuons :  calyx  usually  g^mosepalons : 
stamens  definite  or  indefinite:  gyna^ceum  syncarpous  or  apo- 
carpous. 

Cohort  I.  Umbellales.  Flowers  regular,  sometimes  actino- 
morphic,  epigynous,  with  generally  a  single  whorl  of  stamens 
opposite  to  the  sepals  :  calyx  inconspicuous :  ovary  bilocular,  with 
one  ovule  in  each  loculus :  a  disc  between  the  stamens  and  the 
styles:  inflorescence  usually  umbellate:  seed  containing  endo- 
sperm :  leaves  exstipulate. 

V.  s.  fi.  8  s 
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Order  1.  TJMBELLiFERiE.  Flowers  generally  regular,  but  zygo- 
morphic  in  consequence  of  oligomery  in  the  gynaBceum  (p.  508): 
formula,  K5,  C5,  -45,  Ow :  the  cklyx  is  generally  very  small,  often 
hardly  visible,  though  sometimes  well  developed  (e.g,  Eryn- 
gium,  Astrantia) :  the  corolla  consists  of  five  rather  small  white  or 
yellow  petals ;  occasionally  the  outermost  petals  of  the  flowers  at 
the  circumference  of  the  umbel  are  larger  than  the  others,  and  the 
umbel  is  then  termed  radiant :  stamens  five  ;  ovary  inferior,  bi- 
locular :  the  base  of  the  two  styles  is  fleshy  and  thickened,  forming 
an  epigynous  disc  (Fig.  426  A  d)  ;  one  suspended  ovule  in  each 
loculus  of  the  ovary  (Fig.  338  E) :  the  fruit,  when  ripe,  splits 
into  two  mericarps,  each  loculus  of  the  ovary  being  permanently 


m     n*       IT    ^  m  o 


Fi».  426.— A  Flower  of  Foenicalum  (mag.):  /  ovary;  eooroUa;  •  BtamecB ;  d  disc.  B 
Fruit  of  Heracleam  :  p  pedicel ;  g  style  ;  rrr  ridges  (costee) :  rr  marginal  ridges;  o  oil- 
ducts  (vittee)  (mag.).  C  Transverse  section  of  mericarp  of  Carum  Carui  (Or(ho«perm«ce) : 
m  surface  that  comes  into  contact  with  the  other  mencarp;  ovittse:  e  endosperm.  D 
Transverse  section  uf  mericarp  of  Conium  {Campylotpermeai).  E  Fruit  of  Coriandmm, 
[CcelotpermeaB) :  k  margins  of  the  sarface  along  which  the  two  mericarps  are  in  contact ;  r 
ridges ;  n  secondary  ridges :  F  section  of  a  mericarp.  (Mag.) 

closed  by  a  median  septum  (Fig.  427a;  see  p.  530).  The  struc- 
ture of  the  pericarp  is  an  important  characteristic  for  the  classifica- 
tion of  the  family.  The  fruit  is  commonly  either  oval  in  form,  or 
compressed  (Fig.  426  B),  or  nearly  spherical  (Fig.  426  E)  :  its  sur- 
face generally  bears  longitudinal  ridges  {costm  or  juga  primaria)  en' 
closing  vascular  bundles,  five  generally  on  each  mericarp ;  of  these, 
two  run  along  the  margins  (Fig.  426  B,  G,  D,  rr)^  and  the  other  three 
along  the  dorsal  surface  (Fig.  426  B,  C,  D,  r).  In  the  spaces  be- 
tween the  ridges  which  form  furrows,  lie  oil-ducts  or  receptacles 
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(viftcB)  (Fig.  426  B,  C,  o),  and  sometimes  other  secondary  ridges, 
(juga  secundaria)  (tig.  426,  E,  F,  n),  which  do  not  enclose  vascular 
bundles.  The  mericarp  when  ripe  is  filled  by  the  seed,  which 
consists  of  the  abundant  endosperm  (Fig.  426  0,  D,  F,  e)  en- 
closing a  small  embryo.  According  to  the  form  assumed  by  the 
endosperm,  the  following  groups  may  be  distinguished :  the  Ortho- 
spei-mece^  in  which  the  surface  of  the  endosperm,  which  is  directed 
towards  the  plane  of  junction  of  the  two  mericarps,  is  flat  or  con- 
vex, as  in  Carum  (Fig.  4'26  C) :  the  Campylospermeai,  in  which  the 
endosperm  is  concave  towards  the  same  plane,  as  in  Conium  (Fig. 
426  i>),  and  the  CodospermecB,  in  which  the  whole  endosperm  is 
curved,  so  that  it  is  seen  to  be  concave 
towards  this  plane  both  in  longitudinal 
and  in  transverse  section,  as  in  Coriander 
(Fig.  426  F). 

The  flowers,  with  few  exceptions  (Hy- 
drocotyle,  Astrantia,  Eryngium),  are  in 
compound  umbels;  in  some  few  cases,  as 
in  Daucus,  the  umbel  has  a  distinct  ter- 
minal flower  which  is  black  in  colour  :  an 
involucre  and  involucels  are  largely  de- 
veloped in  some  species,  in  others  they 
are  wholly  wanting.  The  hollow  stem 
bears  large  leaves  with  generally  well- 
developed  sheathing  bases  and  much 
divided  laminsB :  rarely  the  leaves  are 
simple,  as  in  Hydrocotyle  and  Bupleurum. 

The  British  genera  are  arranged  as  followa : — 
Sub-order  I.     Ortuosfermkje. 

A.  Umbels  simple. 

Tribe  1.  HydrocotyUa.  Fruit  laterally  com- 
pressed. The  genus  Hydrocotyle  consists  of 
marsh -plants  with  peltate  leaves  (Fig.  31). 

Tribe  2.  Saniculea.  Fruit  nearly  cylindrical.  This  group  includes  the 
genera  Astrantia,  Eryugium,  and  Sanicula. 

B.  Umbels  compound. 

Tribes.  Amminea.  Fruit  without  secondary  ridges,  laterally  compressed: 
Ammi,  Bupleuram,  Petroselinum,  Apium,  Jilgopodium,  Carum  (Figs.  426  C, 
and  427),  Cicuta,  Slum,  Pimpinella,  Trinia,  Conopodium,  Sison. 

Tribe  4.  Setelinea.  Secondary  ridges  absent,  or  if  present  (Siler)  not  so 
prominent  as  the  primary :  fruit  not  compressed:  ^thu8a,F(Bniculum,(Enauthe, 
Seseli,  Meum,  Ligusticum,  Silaus,  Critbmum,  Siler. 

Tribe  6.    Angelieea,    Fruit  without  secondary  ridges,  dorsally  compressed, 


Fi».  427.— Pniit  of  Carum 
Carui.  A  Ovary  of  tlie  tlower 
(/).  B  Ripe  Fruit.  The  two 
carpels  have  separated  so  as 
to  form  two  merioarps  (mX 
Part  of  the  septum  consti- 
tutes the  carpophore  (a). 
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the  lateral  primary  ridges  winged,  the  wings  of  the 't wo  merioarps  divergent; 
Angelica,  Archangelica. 

Tribe  6.  Peucedanea,  Fruit  without  secondary  ridges,  dorsally  compressed, 
the  lateral  primary  ridges  winged,  the  wings  of  the  two  mericarps  apposed: 
Peuoedannm  (incl.  Imperatoria),  Pastinaca,  Heracleum,  Tordylium. 

Tribe  7.    iJaucinea     The  secondary  ridges  are  spinous :  Daucus. 

Sab-order  II.    Camptlospbrmba. 

Tribe  8.     Cawalinea.    Secondary  ridges  spinous :  Caucalis  (incl.  Torilis). 

Tribe  9.  Smyrniea.  Fruit  without  secondary  ridges :  Anthriscus,  Myrrhis, 
Conium  (Fig.  426  2)),  Smyrnium,  Physospermum. 

Sub-order  III.    Ccslospbrmea. 

Tribe  10.  Scandicea,  Fruit  sub-globose,  without  secondary  ridges  :  Scan- 
diz,  ChaBrophyllum,  Eohinophora. 

Tribe  11.  Coriandrra,  Fruit  spherical ;  secondary  ridges  more  prominent 
than  the  wavy  primary  ridges :  Coriandrum  (Fig.  426  £,  F), 

ATUhriscui  tUvatrU^  the  Cow-Parsley  ;  Carum  Carui,  the  Caraway  ;  Herae- 
leum  Sphondyliumt  the  Cow- Parsnip ;  ^gopodium  Podagraria,  the  Gout- Weed  ; 
Pastinaca  $ativa,  the  Wild  Parsnip,  are  common  in  meadows  and  woods: 
Crithmum,  the  Samphire,  grows  on  rocks  by  the  sea :  Ecbinophora,  the 
Prickly  Samphire,  growing  on  sandy  sea-shores,  has  been  exterminated  in 
Britain.  The  following  are  cultivated  :  Apium  graveolem.  Celery ;  Petro- 
selinum  sativum^  Parsley ;  Daucus  Carota^  tbe  Carrot ;  Pastinaca  oUr<iceaj  the 
Parsnip;  Anthriscus  Cerefulium^  the  Chervil.  Tbe  following  are  poisonous: 
Conium  ntaculatum^  the  Hemlock;  Cicuta  virosa,  the  Water-Hemlook ; 
^thiua  Cynapiumy  Fcors'Parsley. 

Order  2.  Araliacej:.  Flowers  generally  pentamerons  ;  stamens 
sometimes  more  numerous  ;  carpels  more  or  less  numerous  :  fruit, 
a  berrj  or  a  drupe.  Shrubs,  sometimes  root-climbers,  with 
scattered  palmate  leaves. 

Hedera  Helixt  the  Ivy,  does  not  blossom  till  it  is  some  years  old  :  the  umbels 
are  borne  on  erect  branches,  the  leaves  of  which  are  entire.  Fattia  papyrifera 
is  used  in  Japan  for  making  a  kind  of  paper  known  as  rice-paper  ;  it  is  made 
from  the  pith. 

Order  3.  Cornacea.  Flowers  tetramerous,  isobilateral  (see  p. 
508),  with  a  usually  dimerous  bilocular  ovary:  fruit  usually  a 
drupe.     Shrubs  with  woody  stems  and  entire  opposite  leaves. 

Cornus  mas,  the  Cornel,  has  yellow  flowers  which  bloom  before  the  unfolding 
of  the  leaves,  and  a  red  fruit:  C  sanguinea  and  suecica  are  common  shrubs: 
Avcuha  japonica  has  dioBcious  flowers,  and  a  monomerous  baccate  fruit. 

Cohort  II.  Passiflorales.  Flowers  frequently  monospo- 
rangiate,  regular;  epigynous,  perigynous  or  hypogynous;  penta- 
merons :  stamens  in  one  or  two  whorls,  or  indefinite :  gynae* 
ceum  syncarpous ;  ovary  usually  trimerous  and  unilocular ;  ovules 
numerous,  on  parietal  placentas. 
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Order  1.  Passiflouaceje.  Flowers  pentamerous,  perigynous, 
sometimes  dioecions  ;  between  corolla  and  androecinm  there  is  a 
so-called  corona  consisting  of  a  number  of  filamentous  appendages, 
probably  representing  a  disc  (see  p.  527)  :  the  gyneeceum  fre- 
quently, and  generally  also  the  androecinm,  is  elevated  upon  an 
elongation  of  the  axis  (gynophore,  or  gonophore,  p.  495)  :  stamens 
five,  often  monadelphous,  opposite  to  the  sepals :  ovary  unilocular 
with  three  parietal  placentas :  leaves  palmate.  Climbing  plants, 
with  tendrils,  each  tendril  being  a  lateral  axillary  branch,  and 
frequently  the  main  axis  of  an  inflorescence. 

Several  species  of  Passiflors,  the  Passion-Flower,  from  tropical  America,  are 
cultivated. 

Order  2.  Papayaceji.  Flowers  diclinous,  hypogynous :  stamens 
in  two  whorls :  ovary  usually  unilocular  with  five  parietal 
placentffi. 

Cariea  Papaya,  the  Papaw,  is  cultivated  in  the  tropics  on  account  ol  its 
edible  frait :  its  latex  is  rich  in  proteolytic  ferment  (papain). 

Order  3.  Beooniace.k.  Affinity  doubtful.  Flowers  diclinous ; 
perianth  rarely  heterochlamydeous :  the  (J  flowers  have  two 
dimerous  petaloid  perianth-whorls,  and  indefinite  stamens  crowded 
together :  the  ?  flowers  are  epigynous ;  the  perianth  consists  of 
five  petaloid  leaves;  the  ovary  irf  usually  trilocular,  with  numerous 
anatropous  ovules  borne  on  axile  placentae :  fruit  a  capsule  :  leaves 
often  very  large,  usually  oblique :  inflorescence  cymose,  the  ^ 
flowers  being  terminal  on  the  first  branches,  the  $  terminal  on 
the  last. 

Many  species  of  Begonia,  derived  from  the  tropics,  are  cultivated  as  orna- 
mental plants. 

Order  4.  Cucurbitacej:.  Flowers  diclinous  or  polygamous,  often 
irregular :  corolla  of  five  petals,  often  gamopetalons :  stamens 
epipetalous,  five,  but  they  frequently  cohere,  either  in  pairs,  so 
that  there  appear  to  be  but  three  (Fig.  428,  diagram),  or  all 
completely  into  a  single  continuous  ring  (Cyclanthera) ;  the 
anthers  are  commonly  long  and  sinuous  :  ovary  inferior,  unilocular, 
becoming  spuriously  multilocular,  with  one  or  (more  often)  many 
ovules;  it  is,  however,  often  described  as  multilocular  (usually  3) 
with  projecting  axile  placentae :  fruit  baccate,  a  pepo  or  a  succu- 
lent berry,  often  of  great  size,  with  a  relatively  thick  and  solid 
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pericarp :  seed  withont  endosperm.     Herbs  with  scattered  leaves, 
mostly  climbers,  with  tendrils  growing  by  the  side  of  the  leaves. 

There  is  considerable  difference  of  opinion  as  to  the  morphological  nature  of 
the  tendril  in  this  order,  but  it  appears  to  be  essentially  a  leaf,  in  fact  the  first 
leaf  of  the  flowering-shoot  which  arises  in  the  axil  of  the  related  foliage-leaf : 
the  vegetative  branch,  which  is  always  developed  by  the  side  of  the  flowering- 
shoot,  seems  to  spring  from  the  axil  of  the  tendril.  The  tendril  often  bears  a 
number  of  branches  at  its  distal  end,  but,  whether  simple  or  branched,  its 
structure  shows  that  the  proximal  portion  corresponds  in  structure  to  a  petiole, 
whilst  the  distal  irritable  portion  (including  the  branches)  has  a  bilateral 
structure  which  suggests  correspondence  with  a  lamina. 

Cucurbita  Pepo  is  the  Pumpkin:  the  genus  Cucumis  has  free  stamens; 
Cucumit  kativa  is  the  Cucumber,  and  CucumU  Melo  is  the  Melon :  CitruUiu 

vulgari$  is  the  Water  Melon. 
The  genus  Bryonia  has  a  small 
white  corolla ;  the  loculi  of  the 
ovary  are  2-seeded,  and  the 
fruit  is  a  succulent  berry ;  2?. 
dioica  is  common  in  shrubberies 
and  hedges. 

Order  5.  CactAck^. 
Flowers  acyclic,  epigyn- 
oas,  with  numerous  sepals, 
pet'als,  and  stamens,  which 
gradually  pass  into  each 
other :  ovary  nnilocalar, 
with  three  or  more  parietal 
placentsB  :  ovules  horizon- 
tal; endosperm  little  or 
none :  stems  of  the  most 
various  forms  :  leaves  usu- 
ally represented  by  tufts 
of  spines.  They  are  in- 
digenous to  the  dry  dis- 
tricts  of  tropical  and  sub- 
tropical America,  but 
many  have  been  intro- 
duced into  the  eastern  hemisphere :  however,  a  species  of  the  genus 
Rhipsalis  (B.  Cassytha)  is  indigenous  to  South  Africa  and  Ceylon. 

The  Cactaceffi  are  typically  xeropbilous  plants :  in  consequence  of  the  great 
reduction  of  the  foliage-leaves,  their  transpiration  is  comparatively  slight,  and 
the  succulent  stems  serve  to  store  relatively  large  quantities  of  water.  They 
are  protected  from  being  eaten,  by  the  development  of  numerous  spines. 


Fro.  428.— it  Lonpritndinal  section  of  $  flower  of 
Cucamia:  /  ovary;  $h  ovules;  h  calyx ;  C  corolla; 
n  stigma ;  $t'  rudimentary  stamens.  B  Longitudi- 
nal section  of  ^  flower ;  it  stamens ;  n'  rudimentary 
ovary ;  the  corolla  (e)  is  not  all  shown  (somewhat 
mag.).    Floral  diagram  of  Cucurblia. 
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MamiUaria  has  a  apherioal  or  oylindrioal  stem  on  which  tubercnles,  arranged 
spirally  and  bearing  spines,  represent  the  leaves.  Echinopsis  and  Eehinocactas 
have  angolar  ridges  on  whioh  the  tofts  of  spines  grow.  Cereashas  an  angular, 
colomnsr,  elongated  stem.  Phyllocaotns  and  Bbipsalis  have  compressed  leaf- 
like stems.  Opantia  and  Nopalea  have  flattened  stems  composed  of  a  sno- 
oession  of  flattened  ovate  shoots.  The  Cochineal  insect  lives  on  NopaUa  eoeci- 
nellifera* 

Cohort  m.  Myrtales.  Flowers  usually  actinomorphic, 
eucjclic,  epigynous  or  perigynous,  with  nsnallj  two  whorls  of 
stamens,  typically  obdiplostemonoas :  gynsBcenm  syncarpous,  with 
usually  a  single  style :  leaves  usually  opposite. 


B 


Fig.  429.^^  Flower  of  Faohsia :  •  pedicel ;  /  inferior  ovary ;  k  sepals,  connate  at  the 
base,  forming  a  tube  (r) ;  a  stamens ;  9  style  ;  n  stigma.  B  Flower  of  fjWlobiwm  Himctum 
(letters  as  before).  C  Fruit  of  Epilobium  after  dehiscence;  10  outer  wall;  m  columella 
formed  by  the  septa ;  ia  seed  with  tufts  of  hairs  (nak  sise). 

Order  1.  Onagraceje.  Flowers  usually  tetramerons  throughout, 
generally  epigynous :  antipetalous  stamens  sometimes  suppressed : 
ovary  mnltilocular,  with  generally  numerous  ovules  on  axile 
placentfiB:  fruit  a  berry  or  a  capsule;  seed  without  endosperm. 
Calyx  often  petaloid,  forming  a  long  tabe  (Fig.  429  Ay  r). 

(Enothera  bieimis^  the  Evening  Primrose,  occurs  on  river  banks  ;  the  seed  has 
not  a  tuft  of  hairs,  and  the  flowers  are  yellow.  Epilobium  is  the  Willow  Herb, 
of  which  many  species  are  common ;  E,  anguttifolium,  hirtutum,  aod  numtanum 
occur  in  fields,  hedges,  and  ditches ;  the  seeds  have  a  tuft  of  long  hairs ;  flowers 
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red;  fmit  a  septifragal  capsule.  Circaa  lutetiana  (Enchanter's  Nightshade)  has 
dimerous  flowers  K2,  C2,  ^2,  G^)  (Fig.  823  B) ;  common  in  damp  and  shady 
spots.  Unardia  palustrit  has  no  corolla;  its  fruit  is  a  septicidal  capsule. 
Fuchsia  (Figs.  429  Ay  828  A),  manj  species  of  which  are  cultivated  as 
ornamental  plants,  is  a  native  of  South  America ;  fruit  a  beny. 

Trapa  natarUt  the  Water-Chestnut,  a  not  very  common  water-plant  of  Central 
Europe,  has  a  stem  bearing  a  rosette  of  leaves  which  float  on  the  surface  of  the 
water ;  in  the  axils  of  these  leaves  the  flowers  are  borne  singly :  their  formula 
is  Kit  CAy  AAf  G^>t  and  they  are  perigynous:  the  fruit  is  indehiscent,  and  the 
sepals  remain  adherent  to  it  in  the  form  of  four  horns  :  it  contains  two  seeds. 

Order  2.  Haloragidaceib.  Flower  sometimes  monosporangiate, 
epigynoas,  nsnally  tetramerons  throughout ;  stamens  often  in  two 
whorls,  and  then  obdiplostemonous :  sometimes  the  corolla  or  the 
whorl   of    stamens   opposite  to   the    petals   is    wanting :    ovary 

l-4r-roerous,  with  a  single  sus- 
pended ovule  in  each  loculus; 
seed  containing  endosperm. 

Myriophyllum  vertieillatum  and  <pt- 
eatum,  the  Water-Milf«  ils,  are  aquatic 
plants  with  finely  divided  leaves  and 
small,  generally  diclinous,  flowers 
borne  above  the  water  in  terminal 
spikes. 

The  genus  Gunnera  includes  land- 
plants  with  large  leaves :  the  flower  is 
dimerous,  but  is  frequently  reduced  by 
the  sappression  of  the  corolla,  or  of 
one  of  the  series  of  sporophylls  (diclin- 
ous) :  the  dimerous  ovaiy  produces  but 
a  single  ovule. 

The  genus  Hippuris  consists  of  the 
single  (British)  species  H.  vulgaris 
the  Mare's-tail.  It  is  an  aquatic  plant,  bearing  its  very  much  reduced  flowers 
singly  in  the  axils  of  the  whorled  leaves :  there  is  no  corolla,  and  the  calyx  ib 
rudimentary :  there  is  a  single  epigynous  stamen,  and  a  monomerous  ovary 
containing  a  single  suspended  anatropous  ovule. 

Order  3.  Lythrace^.  Flowers  perigynous,  with  usually  both 
whorls  of  stamens :  formula  ^n,  Cn,  |  -4n  -f  n,  G— \  where  n  =  3 — 16 : 
ovary  free  in  the  hollow  receptacle :  an  epicalyx  formed  by  connate 
stipules  is  often  present :  seed  without  endosperm. 

Ly thrum  Salicariat  the  Loosestrife,  occurs  in  bogs  and  ditches :  flower 
usually  pentamerous  or  hexamerous :  the  stamens  of  the  two  whorls  are  unequal 
in  length,  and  the  length  of  the  style  also  varies ;  three  forms  of  flowers  are 
thus  produced  (trimorphism ;  see  p.  455) :  the  other  British  genus  is  Peplis ; 


Fio.  «0.  — Part  of  a  flowenn«r  stem  of 
Hipvuri*  vulgarU,  The  leaves  are  cut  away. 
(After  Sachs.) 
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P.  Partula  is  the  Water- PurQlane ;  it  has  nsaally  hexamerons  flox^rs  and  an 
indehiscent  fruit:  gyneecenm  dimerous  in  hoth  genera.  Several  species  of 
Cnphea,  having  a  dorsiventral  flower,  with  a  posteriorly  spurred  caljx-tube, 
from  Mexico,  are  cultivated. 

Order  4.  Myrtace^.  Flowers  4-  or  5-merons,  epigynous  :  sta- 
mens often  very  numerous,  free,  or  connate  in  usually  antipetalous 
bundles  (Fig.  431);  sometimes  few  and  obdiplostemonous:  ovary 
1-00  -locular ;  seeds  l-oo  in  each  loculus,  without  endosperm : 
placentation  and  fruit  various:  leaves  usually  opposite,  dotted 
with  oil-glands.     Shrubs  or  trees. 

Tribe  1.    Myrtea,    Fruit  a  berry  or  a  drupe ;  stamens  indefinite. 

Myrtiu  eommunii  is  the  Myrtle  of  Southern  Europe ;  the  genus  Eugenia 
includes  a  number  of  ornamental  shrubs,  among  which  is  E.  (Jambosa)  Caryo- 
phylliUf  the  buds  and  flowers  of  which  yield  the  spice  known  as  cloves  (Fig.  432). 

Tribe  2.  Leptospermea.  Fruit  a  capsule,  dehiscing  loculicidally  from  above 
downwards:  stamens  generally  indefinite,  frequently  in  bundles  which  are 
opposite  either  to  the  sepals  or  to  the  petals  (Fig.  431). 


Fie.  491.— Loiigitadinal  section  of 
the  flower  of  Calothanmaa  :  /  ovary ; 
•  caljz;  p  corolla;  •(  antipetaloat 
bundle  of  Btamens;  g  style.  (After 
Sachs.) 


Pio.  432.— Plower-bad  of  Jambo»a 
CaryopHyllut,  the  Clove,  in  lonf^itudu 
nal  section  ;  /the  inferior  ovary,  with 
the  oil-glands  (dr);  $k  the  ovules;  k 
calyx;  e  corolla;  *i  stamens;  a  an- 
thers ;  0  style  (enlarged). 


Callistemon,  Melaleuca,  Metrosideros,  Calothamnus,  and  others,  are  or- 
namental plants:  Eucalyptm  Globulut,  from  Australia,  is  much  planted  in 
marshy  districU,  which  it  tends  to  dry  up  by  its  active  transpiration. 

Tribe  3.  Chamalauciea.  Stamens  often  definite  and  obdiplostemonous: 
ovary  unilocular  :  fruit  usually  one-seeded  and  indehiscent. 

Tribe  4.  Lecythidea,  Fruit  large,  woody,  dehiscing  with  a  lid,  or  inde- 
hiscent; leaves  scattered,  without  oil-glands  ;  stamens  indefinite.  This  tribe  is 
sometimes  regarded  as  a  distinct  order,  Lbcythidacbs. 

Bertholletia  exceUa  grows  in  tropical  America;  its  seeds  are  known  as 
Brazil  nuts. 
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Tribe  5.  Graiiatea,  Fruit  resembling  a  pome  ;  leaves  opposite,  without  oH- 
glauds.    This  tribe  is  sometimes  regarded  as  a  distinct  order,  Punicacica. 

Pauiea  Granatum,  the  Pomegranate,  grows  in  Southern  Europe ;  flowers 
5-8-merous ;  receptacle  petaloid ;  stamens  indefinite ;  in  the  ovary  there  are  two 
whorls  of  loculi,  an  external  superior  of  which  the  loculi  are  as  numerous  as 
and  are  opposite  to  the  petals,  and  an  internal  inferior  consisting  of  three  loculi. 

Order  5.  Rhizophoracejb.  Tropical  trees  with  aerial  roots, 
known  as  Mangroves :  the  seed  germinates  in  the  fruit  whilst  it  is 
still  attached  to  the  tree ;  when  the  projecting  radicle  has  attained 
a  length  of  one  or  two  feet,  either  the  whole  fruit  drops  off,  or  only 
the  radicle  (incl.  hjpocotjl)  ;  in  either  case  the  pointed  free  end 
of  the  radicle  sticks  firmly  in  the  mnd  on  which  the  Mangroves 
grow. 

The  principal  genera  are  Bhizophora,  Bruguiera,  Carallia. 

Cohort  IV.  Resales.  Flowers  actinomorphic  or  zygomorphic, 
usually  ambisporangiate  and  x)erigynons :  stamens  rarely  fewer  in 
number  than  the  petals  or  equal  to  them,  generally  indefinite  in 
numerous  whorls  :  gyneecenm  more  or  less  completely  apocarpons : 
ovules  anatropous,  suspended  or  erect:  seed  generally  without 
endosperm. 

Order  1.  RosACEiB.  Flowers  actinomorphic,  rarely  zygomorphic, 
perigynous :  gynaeceum  generally  apocarpous ;  carpels  l-oo ;  ovules 
1  or  few,  anatropous :  fruit  various ;  seed  generally  without 
endosperm :  leaves  scattered,  stipulate ;  the  odd  sepal  is  posterior. 

Tribe  1.  Rosete,  Carpels  numerous,  attached  to  the  base  and  sides  of  the 
hollow  receptacle,  which  is  narrow  above  (Fig.  433  C) ;  each  contains  a  single 
suspended  ovule ;  when  ripe,  they  are  achenes  enclosed  in  the  fleshy  receptacle : 
the  sepals  are  frequently  persistent  at  the  top  of  it.  Shrubs  with  imparipinnate 
leaves;  the  stipules  are  adnate  to  the  petiole  (see  Fig.  316;. 

Many  species  of  Bosa,  the  Bose,  are  wild,  such  as  R,  arveiwu,  contna,  and 
nMffino$a  (Svreet-Briar  or  Eglantine) ;  and  many  others  are  cultivated,  as  R, 
cerUifoJiat  damascena,  indica^  gallicat  etc. 

Tribe  2.  Spiraea.  Carpels  usually  5,  each  containing  two  or  more  suspended 
ovules ;  they  are  inserted  upon  the  floor  of  the  flat  open  receptacle,  and  become 
follicles ;  the  calyx  is  persistent  till  the  fruit  is  ripe. 

Spiraa  Vlmaria^  Meadow-sweet,  and  S,  Filipendula,  Dropwort,  occur  in  woods, 
meadows,  etc.  ;  Sp,  torbifolia^  media,  ulmi/olia,  and  other  species,  Kerria 
Japonica,  and  Bhodotypus  (with  drupes),  are  ornameotal  shrubs. 

Tribe  3.  Prunea,  The  single  carpel,  containing  two  suspended  ovules,  is 
inserted  on  the  floor  of  the  receptacle  (Figs.  433  A  and  434  A) ;  the  receptacle 
and  the  calyx  fall  off  when  the  fruit  is  ripe :  stamens  usually  in  three  whorls 
of  5  or  10 ;  fruit  a  drupe  (Fig.  34 i) ;  only  one  seed  is  usually  present. 

Prunus  is  the  principal  genus  of  the  tribe.  In  the  sub-genus  Amygdalus  the 
fruit  has  a  furrowed  coriaceous  endooarp  ;  Prunut  Amygdalui  {A,  commttnit), 
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the  Almond-tree,  and  nana,  are  trees  of  Southern  Europe ;  P.  Pertiea  is  the 
Peach  :  in  the  sub- genus  Prunophora,  the  frait  has  a  smooth  stony  endooarp; 
P.  eommunit  (tpinota)  is  the  Sloe  or  Blackthorn ;  P.  Armeniaca  is  the  Apricot ; 
P.  domfttica  is  the  Wild  Plum,  it  has  an  ovoid  fruit  and  glabrous  shoots ;  P. 
iruititia  is  the  Bullace,  it  has  a  globoid  fruit  and  hirsute  shoots :  in  the  sub- 
genus Cerasus,  P.  Ceraaut^  the  Dwarf  or  Morello  Cherry,  has  foliage-leaves  at  the 


Fie.  433.— Diagrammatie  longitadinal  sections  of  Bosaceoos  flowers.     A  Prnnea. 
B  PotentiUeflB.    C  Rosea.    D  Pome» :  k  calyx ;  e  corolla ;  /ovaries ;  n  stigmata. 

base  of  its  umbellate  inflorescences ;  P.  Avium,  the  Wild  Cherry  or  Gean,  has 
only  scales  at  the  base  of  its  inflorescences :  in  the  sub-genus  Laurocerasus, 
P.  Mahaleh,  the  Damson,  has  fragrant  bark;  P.  Pudus,  the  B  rd-Cherry,  has 
elongated  racemose  inflorescences ;  P.  Laurocfrasu*,  the  Cherry -Laurel,  has  ever- 
green leaves  which  somewhat  resemble  those  of  the  true  Laurel ;  P.  lutitanica 
is  the  Portugal  Laurel. 

Tribe  4.  Poteriea,  Flowers  often  mono.<tporangiate :  corolla  often  absent : 
ovaries  few.  often  but  one,  mooomerous,  enclosed  in  the  cavity  of  the  receptacle 
which  hardens  as  the  seed  ripens :  ovules  solitary,  suspended. 

The  genus  Alobemilla  has  tetramerous  flowers  destitute  of  a  corolla,  the 
stamens  (4  or  fewer)  alternate  with  the  sepals;  an  epicalyz  is  present:  A. 
vulgar  is,  the  Lady's  Mantle,  and  A,  arventis,  are  common.  In  the  genus  Pote- 
rium,  the  flowers  of  the  sub-genus  Sanguisorba  (P.  officinale,  the  great  Burnet), 
have  no  corolla,  the  four  stamens  are  opposite  the  sepals,  and  they  have  no 
epicalyx:  the  flowers  of  the  sub-genus  Poterium  (P.  Sanguisorba,  the  Salad 
Buraet),  resemble  those  of  the  pre- 
ceding, but  the  stamens  are  in- 
definite, and  they  are  polygamous. 
The  flower  of  Agrimonia  is  penta- 
merous;  it  has  a  corolla  and  in- 
definite atamens ;  the  outer  surface 
of  the  receptacle  is  beset  with 
bristles. 

Tribe  5.  Potentillea,  The  ovaries, 
which  are  numerous,  are  inserted 
upon  a  prolongation  of  the  axis  into 
the  cavity  of  the  receptacle  (Figs. 
433  B  and  434  B) ;  each  usually  con- 


Pio.  434.— il  Flower  of  the  CheiTy :  *  pe- 
duncle ;  e  corolla ;  a  utomens ;  g  ftyle,  pro- 
jecting out  of  the  cavity  of  the  receptacle.  B 
Fruit  of  the  Blackberry,   BuhuM  fruticomui 


taius  one  ovule.    The  calyx  is  often  {  h^  calyx ;  /fleehj  ovaries. 
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Borroanded  by  an  epicalyx  formed  by  the  connate  stipules  of  the  sepals  (F'g. 
830  C).  The  stamens  are  usually  indefinite,  elach  whorl  consisting  of  ^s  many 
or  twice  as  many  stamens  as  there  are  petals.  These  flowers  are  distinguished 
from  those  of  the  Banunculaceie,  which  they  somewhat  resemble,  by  the  whorled 
arrangement  of  the  stamens  and  by  the  presence  of  the  hollow  receptacle ; 
for  in  Ranunculaceous  flowers  the  stamens  are  arranged  spirally  and  the  sepals 
are  quite  free. 

Of  the  genus  Potentilla,  the  Cinquefoil,  which  has  dry  fruits  and  a  dry 
receptacle,  many  species  are  common,  such  as  P.  anaerina^  the  Silyer-weed, 
reptamtj  Tormentilla,  and  others:  the  sub-genus  Sibbaldia  includes  the  species 
P.  procumbenst  which  is  found  on  Scottish  mountains :  the  sub-genus  Comarum 
includes  the  species  P.  Co»iarum,the  Marsh  Cinquefoil.  Fragariais  the  Strawberry; 
the  receptacle  becomes  succulent  as  the  fruit  ripens  and  bears  the  small  achenes 
on  its  surface;  F.  vesca  and  elatior  are  found  in  woods  ;  F.  virginiana  and  other 
North  American  species  are  cultivated.  In  the  genus  Bubus  there  is  no 
epicalyx,  the  ovary  contains  two  ovules,  and  the  fruits  are  succulent  (drupels) ; 
Rubus  Idaut  is  the  Baspberry  ;  its  fruits  separate  from  the  dry  receptacle  when 
they  are  ripe :  in  R.  fruticonu,  the  Blackberry,  and  R.  caHtu,  the  Dewberry, 
the  upper  part  of  the  receptacle  separates  together  with  the  fruits  when  ripe. 
Drycu  octopetala,  the  Mountain  Avens  (without  epicalyx)  is  a  procumbent 
alpine  shrub  with  an  oval  long- tailed  fruit  (resembling  that  of  Clematu  Vitalba). 
An  epicalyx  is  present  in  most  species  of  Genm :  Geum  urbanum  and  rivaU 
(Avens)  occur  in  woods  and  damp  fields ;  the  long  style  is  hooked. 

Tribe  6.  Pomea,  Ovaries  five  or  fewer,  contained  in  the  cavity  of  the 
receptacle,  connate,  and  adnate  to  the  wall  of  the  receptacle  (Fig.  433  D).  The 
spurious  fruit  is  surmounted  by  the  calyx.  The  individaal  fruits  either  become 
hard  and  are  like  small  drupes  imbedded  in  the  fleshy  receptacle,  or  they  have 
only  a  thin  wall,  so  that  they  are  more  like  capsules  and  seem  to  be  loculi  of  the 
whole  fruit,  as  in  the  apple  for  instance,  where  the  succulent  portion  is  derived 
from  the  receptacle,  and  the  core  consists  of  the  fruits  enclosing  the  seeds, 
which  are  basal,  generally  two  in  each  carpel.  Stamens  indefinite :  no  epicalyx, 
Shrubs  or  trees  with  deciduous  stipules. 

I.  With  stony  fruits. 

In  the  genus  Cotoneaster,  the  fruits  projtet  above  the  receptacle  :  in  Crate- 
gus,  the  Hawthorn,  they  are  completely  enclosed ;  C.  Oxyacantha^  the  May,  and 
its  var.  monogyna,  the  common  White  Thorn,  are  common  ;  other  species  from 
the  East  and  from  North  America  are  cultivated :  Mespilus,  the  Medlar,  has  a 
large  fruit  which  is  surmounted  by  the  five  large  sepals. 

II.  With  coriaceous  fruits. 

The  genus  Gydonia,  the  Quince,  has  numerous  ovules  on  the  ventral  suture  of 
each  carpel ;  the  outer  layers  of  cells  of  the  testa  are  mucilaginous.  The  genus 
Pyrus  has  two  basal  ovules:  P.communis  and  others  are  the  Pear-trees  ;  the 
loculi  of  the  spurious  fruit,  seen  in  transverse  section,  are  rounded  towards  the 
exterior ;  the  fruit  is  not  hollowed  at  the  base  :  the  sub-genus  Malus  includes 
P.  Malus  and  others,  the  Apple-trees ;  the  fruit  is  hollowed  at  the  base,  and 
the  locali,  seen  in  transverse  section,  9i,tq  pointed  towards  the  exterior  :  the  sub- 
genus Sorbus  resembles  the  preceding,  but  has  pinnatifid  leaves  ;  it  includes 
P.  Aucuparia^  the  Mountain  Ash   or  Bowan-tree,  as  also  P.    domestical  the 
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true  Service-Tree,  and  P.  torminalis,  the  Wild  Service-Tree :  the  Bub-genuB 
Aria,  includes  P.  Aria,  the  White  Beam.  The  genua  Amelanchier  includeB 
the  European  A,  tvlgaritt  and  A.  canadensit,  the  June  Berry.  The  genera 
Baphiolepis  and  Photinia  (incl.  Eriobotrya,  the  Loquat),  include  well-known 
cultivated  flowering  shrubs. 

There  are  two  other  tribes  of  exotio  Bosaoeaa,  the  Quillaiete,  and  the  Ghryso- 
balaneiB,  concerning  whicb  it  is  impossible  to  go  into  detail ;  in  the  latter  the 
gynsceum,  which  is  monomerous  as  in  the  PrnneiB,  is  peculiar  in  that  the 
style  is  gynobasic ;  and  in  some  of  the  genera  (HirtellinaB),  the  flower  is 
irregular  and  zygomorphic. 

Order  2.  LEQUMiNOsa.  Flowers  nsaallj  dorsiventral,  perigj- 
nousj  pentamerous,  with  caljx  and  corolla :  stamens  ten  or  more  : 
ovary  of  a  single  anterior  carpel ;  ovules  borne  on  the  venti*al 
sutui-e :  frait  a  legume  or  a  lomentum:  flowers  always  lateral: 
leaves  nearly  always  compound. 

The  LeguminoscB,  more  particularly  the  Papilionete,  are  remarkable  physi- 
ologically by  the  presence  of  tubercles  on  their  roots,  caused  b;^ jfcbe_attack  of  a 
Fungus,  and  by  their  extraordinary  faculty  of  flourishing  in  soils  poor  in  com- 
bined nllrogen :   these   two  facts  are  un- 
doubtedly correlated,  but  the  exact  nature 
of  the  correlation  is  still  a  matter  of  dis- 
cussion (see  Part  IV.). 

Sub-order  1.  Papilionea.  Flowers  dorsi- 
ventral, papilionaceous  (Pig.  327  A).  The 
five  Fepals,  the  odd  one  being  anterior,  are 
usually  connate,  forming  a  tube  above  the 
insertion  of  the  corolla  and  the  androecium : 
the   five   lobes  are    usually  unequal  and 

sometimes  form  two  lips,  the  lower  of  three         _      ^».    ^,  , ,  . 

*^  *       ,  ,     ^  Pig.  435.— Flower  oT  Lotus  cnmicu- 

and  the  upper  of  two  teeth:  petalp  five,  utw  ( Bouiewhat  mag.),  il  With  one 
alternate  with  the  sepals,  imbricate  so  that  ala  remoTed ;  k  caljx ;  /a  ▼exillum ; 
the  anterior  petals  are  overlapped  by  those  ;lal»;  •  carina.  B  With  the  corolla 
beliind  them ;  the  posterior  petal  is  much  "n«>ved ;  r  tube  foimed  by  the  nine 
enlarged,  and  is  called  the  vexillum  (Fig.  fbrrnitl^nT  ''"*  ***°^'  "  ^" 
435  A  fa) ;    the  two  lateral  petals,  which 

are  much  smaller,  are  termed  the  aJa  (Fig  435  A,  ft);  the  two  anterior  petals 
are  connate  or  sometimes  simply  apposed,  and  form  a  hollow  boat-shaped  body, 
the  keel,  or  carina  (Fig.  435  A^  «).  In  a  few  cases  the  corolla  is  entirely  or 
partially  suppressed ;  thus  in  Amorpha,  only  the  vexillnm  is  present.  The  ten 
stamens  belong  to  a  single  whorl,  with  direct  diplostemony ;  they  are  either 
connate  and  monadelphous,  forming  a  tube,  or  the  posterior  stamen  may  be  free, 
so  that  the  ttfbe  consists  of  nine  stamens,  and  is  incomplete  posteriorly  (Fig.  435 
£),  in  which  case  the  andrcecium  is  diadelphous  (9-1) ;  rarely  the  stamens  are 
all  free ;  they  mostly  curve  upwards,  and  diminish  in  length  from  in  front  back- 
wardF.  The  ovary,  euclosed  by  the  8taminal  tube,  consists  of  a  solitary  anterior 
carpel ;  it  is  often  divided  iato  chambers  by  a  spurious  longitudinal  septum,  or 
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by  transverse  septa  into  several  ehambers.  The  fruit  is  nsnally  a  legnme  or  a 
lomentum  (Fig.  3i2  ^),  rarely  one-seeded  and  indehiscent :  the  seed  frequently 
contains  scanty  endosperm.  The  flowers  are  solitary  and  axillary,  or  in 
racemes.  The  leaves  are  only  rarely  entire,  nsnally  palmately  or  pinnately 
compound,  with  often  large  stipules  (Fig.  28  C),  which  are  sometimes  spines 
(Bobinia). 

Tribe  1.  Sophorea,  Stamens  all  free :  leaves  usually  compound  pinnate : 
trees  or  shrubs.    Speoies  of  Sophora,  Cladrastis,  and  Virgilia,  are  cultivated. 

Tribe  2.    Podalyriea.    Stamens  all  free  :  leaves  usually  simple  or  temate 
shrubs  or  herbs.  Species  of  Baptisia  and  Thermopsis  are  cultivated  as  herbace- 
ous plants  in  gardens. 

Tribe  3.  Genistea.  Stamens  usually  monadelphous :  leaves  simple  or  com- 
pound temate. 

In  tJlex,  thfl  Whin,  Gorse  or  Farze,  Genista  the  Green-weed,  Cytisus  (Saroth- 
amnus)  the  Broom,  andLupinus,  the  stamens  are  monadelphous ;  in  Genista  the 
leaves  are  simple ;  in  Cytisus  the  leaves  are  temate ;  in  Ulex  the  leaves  are 
temate  in  seedlings,  but  in  mature  plants  they  are  scaly  or  spinous ;  in  Lupinus 
the  leaves  are  palmately  compound.  Cytuiu  Laburnum  is  a  well-known  flower- 
ing tree. 

Tribe  4.  Trifoliea.  The  posterior  stamen  is  usually  free;  leives  teroaie, 
and  leaflets  with  serrate  margins.  ^ 

In  Medicago  (Medick).  Melilotus,  and  Trifolinm,  the  stamens  are  diedelphous : 
in  Ononis,  the  Best-harrow,  they  are  monadelphous.  Trifoliam  is  the  Clover : 
the  stamens  are  partially  adnate  to  the  corolla ;  the  withered  corolla  persists 
and  encloses  the  small  legnme  :  flowers  in  capitula ;  T,  pratense^  the  Bed 
Clover,  T.  repen*^  the  White  Clover,  and  T.  hybridum^  the  Alsike  Clover,  which 
are  common  in  meadows,  and  T,  incamatum,  from  the  Eaht,  are  cultivated. 
Medicago  has  usually  a  spirally- wound  legume,  and  a  deciduuus  corolla ;  M. 
falcata  and  luptdina  are  common  ;  M.  «aitra.  Lucerne,  is  cultivated.  Melilotus 
(Melilot)  has  a  globular  legume ;  M,  alha  and  altUHinia  are  common  on  the 
banks  of  streams.    Trigonella  is  the  Fenugreek. 

Tribe  5.  Lotea.  Stamens  diadelpbous,  the  posterior  stamen  being  free : 
leaves  pinnate  ;  leaflets  sessile,  entire. 

Lotu*  corniculatut,  the  Bird's-foot  Trefoil,  with  a  beaked  carina  and  nearly 
straight  legume,  is  common  in  meadows.  In  Anthyllis,  the  Kidney-Vetch,  the 
stamens  are  monadelphous  at  first,  the  posterior  stamen  becoming  more  or  less 
separate:  Anthyllis  Vulneraria^  Ladies'  Fingers  or  Won udwort,  is  common  in 
dry  pastures. 

Tribe  6.  Oalegece,  Stamens  diadelphous :  leaves  multijugate  imparipinnate ; 
leaflets  stalked. 

Indigofera  tinctoria,  in  the  East  Indies,  produces  Indigo.  Glycyrrhiza  is  the 
Liquorice.  Colntea,  the  Bladder  Senna,  has  an  inflated  fruit:  C.  arboreseeru 
and  various  species  of  Caragana  are  cultivated  as  ornamental  plants.  Robinia 
pgeulacacia,  the  false  Acaoia,  is  a  native  of  North  America,  but  it  has  become 
naturalized.  Amorpha  fruticofta  is  a  common  shrub  from  North  America. 
Astragalus  has  a  legume  with  a  spurious  longitudinal  dissepiment :  very  many 
species  of  it  cccur,  especially  in  the  East. 

Tribe  7.    Hedy^area,    Leaves  imparipinnate ;  stamens  diadelphous :  fruit  a 
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lomentum,  with  transverse  septa,  dividing  into  segments.  Cotyledons  leafy, 
epigeeal. 

Hippoorepis,  the  Horse-shoe  Vetoh,  and  Goronilla  are  common  in  meadows  ; 
OnobrychU  tativa,  the  Sainfoin,  is  caltivated.  ArachU  hypogaa,  the  Earth- 
Almond  or  Ground- Nut  of  tropical  America,  ripens  its  fruits  in  the  earth. 
Desmodium  gyrans,  the  Telegraph-plant,  has  motile  leaflets. 

Tribe  8.  Viciea.  Stamens  diadelphous :  legume  unilocular ;  cotyledons 
hypogean;  leaves  paripinnate  and  usually  cirrhose  (see  Fig.  28  C), 

Vicia  sativa,  the  Vetch,  and  V.  Faba^  the  Bean,  are  cultivated  :  other  species 
occur  wild.  PUum  sativum  and  arverue,  the  Pea,  are  caltivated.  Lent  enadenta^ 
the  Lentil,  belongs  to  Southern  Europe.  Varions  species  of  Lathyrus  (ind. 
Orobus)  occur  wild  in  woods :  L.  odoratw  and  others  are  cultivated. 

Tribe  9.  Phaseolea,  Stamens  diadelphous :  legume  unilocular ;  cotyledons 
Qsually  epigean,  but  not  leafy  :  leaves  usually  imparipinnate,  frequently  temate. 
Mostly  climbing  plants  with  twining  stems. 

Phaseolus  vulgarUj  the  French  Bean,  and  P.  ntuZet/IoriM ,  the  Scarlet  Banner, 
are  cultivated.  Wistaria  (Glycine)  chinensit  is  an  ornamental  climber.  Phy- 
sostigma  is  the  Calabar  Bean^ 


FiO.  436.— Flower  of  a  Cnfiiiiai 
k  ciilyx  ;  c  corolla  ;  a  stamens  ;  a' 
Uie  central  shorter  ones ;  /ovary. 


Pi».  437.— Flower  of  an 
Acacia  (mag.) :  k  calyx ;  c 
corolla  ;  ft  stamens,  with 
(an)  anthers ;  a  stigma. 


Tribe  10.  Dalbergiea.  Stamens  mono-  or  dia-delphous :  legume  indehiscent ; 
cotyledons  fleshy. 

Pterocarpus.  Dipteryx  odorata,  the  Tonka  Bean  of  South  America,  contains 
coumarin  in  the  seed. 

Sub-order  2.  CiESALpiNiEis.  Flower  dorsiventral,  but  not  papilionaceous 
(Fig.  327  B  and  Fig.  436) ;  petals  imbricate  so  that  the  posterior  petal  is 
overlapped  by  those  anterior  to  it;  stamens  ten  or  fewer,  free,  more  rarely 
connate :  the  legume  is  frequently  divided  by  transverse  septa,  and  is  in- 
dehiscent  :  flowers  in  panicles  or  racemes  :  seeds  often  albuminous. 

Gleditschia  triacanthos  and  other  species  are  culivated  for  ornament.  Cercis 
Siliqnaitrumt  the  Judas  tree,  has  rounded  leaves.  The  wood  of  Ca»alpinia 
bra^iliensis  is  known  as  Pernambnco  or  Brazil  wood.  Haematoxylcn,  Cassia, 
Bauhinia,  Tamarindus,  and  Ceratonia  (C.  Siliqua,  the  Carob-tree)  are  otber 
well-known  genera. 

Sub-order  8.    MmosxA.    Flowers  regular;  petals  with  valvate  aestivation 
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(see  Fig.  321) :  stamens  ten,  rarely  fewer,  ireqaently  very  nnmerons,  free 
(Fig.  437),  usually  maoh  longer  than  the  perianth  :  legume  sometimes  divided 
by  transvene  septa :  seed  rarely  albuminous :  flowers  usually  grouped  in  spikes 
or  capitula. 

Mimosa  pudica,  the  Sensitive  Plant,  has  irritable  leaves.  Species  of  Acacia 
are  numerous  in  Africa,  Asia,  and  Australia.  In  the  Australian  species  the 
leaves  are  represented  by  flattened  petioles  (phyllodes,  p.  49)  which  are  extended 
in  the  median  plane. 

Order  3.  Platanace^.  Trees,  with  diclinons  flowers  in 
capitula  borne  laterally  on  pendulous  branches ;  flower  perigynous, 
perianth  differentiated  into  calyx  and  corolla,  3-4-merous :  androB- 
cium  of  but  few  stamens  :  gyneeceum  apocarpous ;  each  ovary 
contains  usually  a  single  ovule,  and  developes  into  a  caryopsis ;  seed 
suspended,    orthotropons,    with    bat    little    endosperm:     leaves 

scattered,     with    persistent     sheathing 

stipules. 

Platantu  occidentalism  from  North  America, 
with  three-lobed  leaves,  and  P.  orientalise  from 
the  East,  with  usually  five-lobed  leaves,  which 
are  often  cuneiform  at  the  base,  are  frequently 
cultivated  (especially  tbe  former).  The  smooth 
bark,  which  is  shed  in  flakes,  is  very  character- 
istic (p.  212).  The  Plane  may  be  at  once  dis- 
tinguished from  the  Maples,  which  resemble  it  a 
good  deal  in  the  form  of  the  leaf,  by  the  scattered 
arrangement  of  the  leaves. 


Vio.  438. 


9  flower  of  Platanns 
(mag.). 


Cohort  V.  Saxifragales.  Flowers  generally  ambisporangiat^ 
and  actinomorphic ;  hypogynous,  perigynous  or  epigynous;  en- 
cyclic ;  stamens  usually  in  two  whorls,  with  obdiplostemony ; 
ovary  generally  syncarpous,  multilocnlar,  with  more  than  one  style 
or  stigma ;  ovules  usually  numerous  in  each  loculus ;  seed  with 
or  without  endosperm. 

Order  1.  Saxifbaoack*.  Flowers  usually  4-5-merou8,  epigy- 
nous  or  perigynous,  completely  actinomorphic  only  when  there  are 
five  carpels:  stamens  usually  in  two  whorls;  carpels  less  numer- 
ous, usually  connate  below  and  free  above  ;  seeds  numerous, 
containing  endosperm. 

Tribe  1.  Saxi/ragea.  Flowers  perigynous  or  epigynous,  regular,  but 
generally  zygomorphic  in  consequence  of  oligomery  in  the  gynieceum :  petals 
with  imbricate  lestivation,  sometimes  suppressed :  two  whorls  of  stamens,  but 
one  or  other  of  the  whorls  is  suppressed  in  some  genera  and  species :  carpels 
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osnally  two,  diverging  above  (Fig.  835  D) :  infloresoenee  of  racemose  eymes : 
fruit  a  capsule :  leaves  alternate. 

The  British  genera  are  Saxifraga  and  Chrysospleniiiin  :~Saxifraga  has  an 
oblique  bilocalar  ovary,  and  the  flower  is  consequently  obliquely  zygomorphic 
(Fig.  324  C) ;  the  receptacle  invests  the  lower  connate  portion  of  the  ovary : 
many  species  occur  in  mountainous  districts,  and  in  several  of  them  there  is  a 
deposit  of  carbonate  of  lime  on  the  margins  of  the  leaves  (see  Fig.  100,  p.  139) ; 
only  a  few  species,  such  as  S.  tridactylitet  and  granulata,  occur  in  the  plains : 
GLrysosplenium,  the  Golden  Saxifrage,  has  a  tetramerous  flower  destitute  of  a 
corolla ;  they  are  small  plants,  somewhat  resembling  a  Euphorbia,  occurring  in 
damp  places.  Among  the  more  familiar  cultivated  genera  are  Astilbe  (Hoteia), 
Bodgersia,  Bergenia  (Fig.  439),  TiareUa,  Heuohera,  etc. 

Tribe  2.  Pamoitiea,  Flowers  perigynous,  often  actinomorphio ;  the  flve 
stamens  opposite  to  the  petals  are  transformed  into  glandular  staminodes ; 


Fio.  lao.— LoTiffitodinal  Motion  of  the 
ovmry  of  Bergenia :  §  style  j  »  stigioata  ; 
p  plAcenUB  (mag.).    (Alter  Sachs.) 


Fie.  410.— Floral  diagram  of  Parftassia  i 
bnt  the  wboil  of  antipetaloos  stamlDodea 
should  be  represented  as  external  to  the 
whorl  of  stamens. 


petals  with  imbricate  aestivation:  ovary  4-5-merons,  unilocular:  fruit  a  loouli- 
oidal  capsule :  leaves  alternate, 

Pamasna  jpoZiutru,  Grass  of  Parnassus,  has  a  whorl  of  radical  leaves,  and 
terminal  and  lateral  peduncles  each  bearing  a  single  flower  and  adnate  to  a 
bract eole :  it  is  frequently  found  in  damp  localities. 

Tribe  3.  Hydrangea.  Flowers  epigynous,  aotinomorphic,  obdiplostemonous : 
petals  with  valvate  aestivation :  carpels  3-6  :  shrubs  with  opposite  leaves. 

Hydrangea  hortefuit  is  a  well-known  garden  plant.  The  inflorescence  is  an 
umbellate  panicle,  the  marginal  flowers  of  which  (in  cultivated  plants  all  of 
them)  are  sterile,  having  a  very  much  enlarged  calyx,  and  either  no  stamens  or 
only  the  whorl  of  stamens  opposite  to  the  sepals. 

Tribe  4.  Philadelphea,  Flowers  epigynous,  actinomorphio,  4-^-merous : 
stamens  in  two  whorls  but  not  obdiplostemonous,  or  indefinite  :  petals  with 
various  aestivation :  fruit  a  capsule :  shrubs  with  opposite  leaves. 

Philadelphua  coronariut  (called  Syringa  or  Mock  Orange)  has  sweetly-scented 
tetramerous  flowers.    Deutzia  Mcabra,  crenata,  and  others  are  cultivated* 

Y.  8.  B.  T  T 
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Tribe  5.  Ribeiiea.  Flowers  epigTnoas,  iocompletely  sctinomorphio,  prata- 
merous :  stamens  five,  opposite  to  the  sepals ;  carpels  nsnally  two,  usoally 
median,  sometimes  lateral  (Fig.  824 fi) :  fruit  a  berry :  leaves  scattered :  inflo- 
rescence racemose.     Sbrabs. 

Several  species  of  Bibes,  the  Onrrant,  are  cnltiyated :  R.  rubrum  is  the  Bed 
Currant ;  it.  nigrum,  the  Black  Cnrrant ;  R.  Grottularia,  the  Gooseberry :  the 
spines  of  the  last  species  are  developed  from  the  pnlvinas. 

Variotis  species  of  Esoallonia  are  cultivated  as  ornamental  flowering  shrubs. 

Order  2.    Cuassulaceji.     Formnla  J^n,  Cn,  )  uln  +  D,  On,  where 

,  n  =  3 — 30:    flowers    actinomorphic,    perigynons    or    hjpogynons, 

with  two  (rarely  one)  whorls  of  stamens :  gjofecenm,  generally 

completely  apocarpous ;  carpels  opposite  to  the  petals,  with  a  scale 

(disc),  external  to  each  carpel :  ovules  numerous,  marginal:  fruit 


"^i 


Fie.  4il.'F1ower  of  Bibeo  (mng.);  •  Fig.  4(2.— Flower  of  Sfdum  acre  (x  8). 

pedicel ;  k  calyx ;  e  corolla  ;  tt  fctumens  ; 
h  disc  i  0  styles. 

a  follicle :   seed  with  endosperm :  .inflorescence  usually  cymose. 
Plants  with  entire  fleshy  leaves,  arranged  spirally,  often  in  rosettes. 

Tbe  genus  Sedum  has  usually  pentamerous  flowers  ;  Sedvm  acre,  the  Stone- 
crop,  is  common  on  walls  and  rocks ;  S.  Rhodiola  has  dicecious  flowers  (see 
Fig.  318).  S.  Telephium,  the  Orpine  and  others  are  common.  The  genus  Sem- 
pervivum  has  at  least  6-merous  flowers ;  S,  Tectoram^  the  Houseleek,  and  other 
species,  as  also  species  of  Echeveria,  Crassnla,  etc.,  are  frequently  cultivated. 
Tillsa  has  usually  tetramerous  flowers  without  the  hypocarpeilary  scales. 

Order  3.  CEVHALOTACEa.  Flowers  apetalous,  perigynons,  6- 
merous :  stamens  in  two  whorls :  gyneeceum  of  six  apocarpous 
carpels,  each  containing  a  single  basal  ovule. 

Tbis  order  consists  of  the  Australian  genus  Cephalotns,  with  tbe  single 
species  C.  follicularis :  the  lower  of  the  tuft  of  radical  leaves  are  pitcbered  and 
have  lids. 

Order  4.  Pittosporacej:.  Flowers  hypogynous:  stamens  five, 
antisepalous :  carpels  2-5,  ovary  syncarpous,  uni-  or  multi-locular. 
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with  parietal  or  axile  placentation :  ovales  numerons:  Reed  with 
endosperm.  Shrabs  with  simple  exstipnlate  leaves,  and  Bchizo<* 
genous  resin-dacts. 

Pittosporum  Tobira,  undulatum,  eras$i/oliuni^  are  ornamental  ehmbs  from 
Australia. 

Order  5.  Hamamelidageje.  Flowers  fi*eqnently  diclinons  and 
apetaloas,  4-5-merons,  perigynons,  or  nearly  epigjnoas :  stamens 
typically  in  two  whorls,  but  one  or  other  of  the  whorls  is  fre- 
quently suppressed :  ovary  usually  bilocular :  leaves  stipulate. 

Hamamelii  virginica,  the  Witch-Hazel,  is  an  ornamental  sbrub  from  North 
America,  the  li^aves  of  which  somewhat  resemble  those  of  the  HazeL  Otber 
well-known  shrabs  are  Parrotia,  Liqnidambar,  etc. 

Order  6.  Podostsmacej:.  Small  aquatic  plants :  flowers  some- 
times diclinons  or  dioecious :  penanth  generally  much  reduced,  and 
sometimes  completely  suppressed :  stamens  one  or  many,  some- 
times monadelphous :  ovary  superior,  1-  2-  or  3-locular :  seeds 
many. 

A  very  remarkable  gronp  of  plants,  growing  on  stones,  etc.,  in  swiftly  flowing 
streams  and  rivers  of  the  tropics  :  so  complete  is  their  adaptation  to  their  en- 
vironment that  they  have  more  or  less  completely  assomed  the  general  habit 
and  appearance  of  Lichens,  Algie,  Mosses,  and  Liverworts. 


SUB-CLASS  II.    GAMOPETAL^. 

Flowers  usually  ambisporangiate  :  perianth  differentiated  into 
calyx  »nd  corolla;  calyx  usually  gamosepalous ;  corolla  generally 
gamupetalous,  in  some  cases  suppressed :  ovary  usually  syncarpous. 

SERIES  L     HYPOOYN^. 

Ovary  superior  (except  in  Vacciniaceae)  :  stamens  epipetalous, 
or  free  and  hypogynous. 

Cohort  I.  Lamiales.  Flower  pentamerous,  usaally  dorsi ven- 
tral: the  formula  is  generally  ^  K  (5)  (0  (5)  A  5)  6?'^;  corolla 
usually  bilabiate,  the  two  posterior  petals  being  connate  and 
forming  a  frequently  helmet-shaped  (galeate)  projecting  upper 
lip;  the  anterior  petal,  with  the  two  lateral  petals,  forming  the 
under  lip :  stamens  epipetalous ;  the  posterior  stamen  is  usually 
suppressed  or  is  a  staminode ;  the  two  lateral  stamens  are  generally 
shorter  than  the  two  anterior  ones,  so  that  the  flower  is  didynam- 


642 


PAET    III. — THE   CLASSIFICATION  OF   PLANTS. 


DUB :  the  two  median  carpels  form  a  usually  bil6cular  ovary  which 
sometimes  becomes  sub-divided  into  four  loculi :  leaves  scattered, 
or  opposite  decussate  exstipulate :  the  leafy  shoots  have  no  ter- 
minal flower. 

Order  1.  Labiatj:.  Stamens  four,  didynamous  (Fig.  .443  B); 
rarely,  as  in  Salvia  and  its  allies,  only  the  two  anterior  stamens  ai-e 
developed  :  the  bicarpellary  ovary  becomes  subdivided  by  spurious 
dissepiments  into  four  loculi  (see  Fig.  450  0),  which  part,  as  the 

seed  ripens,  into  four 
nutlets  (Fig.  443  G)  ; 
style  gynobasic  :  the 
ovule  in  each  loculus 
is  solitary  and  erect: 
seed  without  endo- 
sperm. Herbs  with 
decussate  leaves  and 
quadrangular  stem. 
The  flowers  are  dis- 
posed apparently  in. 
whorls  i*ound  the 
stem,  but  the  inflor- 
escence is  in  fact 
made  np  of  compound 
cymes  or  dichasia, 
termed  verticillasters, 
developed  in  the  axil  of  each  of  the  two  opposite  leaves. 

Tribe  1.    Oeimoidea.    Stamens  4,  descending. 

Ocimum  basilicunij  the  Sweet  Basil,  from  India,  and  Lavandula,  the  Laven- 
der from  Southern  £urope,  are  cultivated  as  pot-herbs :  several  species  of  Colens 
are  cultivated. 

Tribe  2.  Menthuidea,  Stamens  4,  equal,  ascending,  divergent:  corolla 
almost  regular,  4-  or  5-lobed. 

Many  species  of  Mentha,  Mint,  are  common.  Pogoitemon  Patchouli  yields 
oil  of  Patchouli.  Lycopus  has  only  2  fertile  stamens,  the  two  posterior  ones 
being  abortive. 

Tribe  3.  Satureineee.  Stamens  4,  with  broad  connective,  ascending,  either 
almost  equal  (Thymus,  Origanum),  or  didynamous  and  remote  at  base,  con- 
niving under  the  upper  lip. 

Origanum  vulgare  is  the  Wild  Marjoram ;  the  Sweet  Marjoram  which  is  cul- 
tivated is  an  exotic  species.  ThymuM  Serpyllum  is  the  wild  Thyme  ;  the  garden 
Thyme  is  T.  vulgaris,  from  Southern  Europe.  Satureia  hortensia  (exotic)  is  the 
Summer  Savory.  Various  species  of  Galamintha  (stamens  not  divergent)  are  com- 
mon, such  as  C.  arvensist  the  Common  Basil,  and  C.  Clinopodium,  the  Wild  Basil 


Fio.  443.  A  Flower  of  Lamiam.  sifle  view :  It  ealyz ;  o 
upper;  i»  ruder  lip.  B  Flower  of  Leouoros  opened :  o 
upper :  11  divided  under  lip ;  •  lateral  lobes  of  the  corolla ; 
//  short,  //long  stamena  (mag.).  0  OynsBceum;  n4- 
lobed  ovary;  g  style  (mag.). 
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Tribe  4.  Melitsin^a,  Stamens  4,  didynamoas,  with  narrow  eonnec'ive,  re- 
mote at  base,  conniviug  under  upper  lip. 

MeliMa  offieinalu^  the  Balm,  and  Hyssopus,  the  Hyssop,  are  cultivated  as 
pot-herbs. 

1  ribe  5.  Monardea.  Stamens  2,  ascending :  one  theca  of  each  anther  is 
either  wanting  or  it  is  widely  separated  from  the  other  (see  Fig.  331C). 

Salvia  verbenaeea,  the  Wild  Sage  or  Clary,  is  common.  Bosmaiintu  officin- 
alls,  the  common  Bosemary,  is  exotic. 

Tribe  6.  Sepetea.  Stamens  4,  didynamons,  ascending,  parallel ;  the  pos- 
terior two  are  the  longer. 

Nepeta  Cataria,  the  Catmint,  occurs  in  hedges ;  and  Nepeta  GUefummt  the 
Ground  Ivy,  is  very  common. 

Tribe  7.  Stocky  J  ea.  Stamens  4,  didynamous,  ascending,  parallel;  the 
anterior  two  are  the  longer :  upper  lip  of  corolla  usually  arched  (ringent). 

Laniium  albums  the  Dead-Nettie,  and  purpureum,  are  very  common.  Various 
species  of  Qaleopsis  (Hemp-Nettle),  Stachys  (Woundwort  or  Betonjr),  Marzubium 
(H  rebound),,  Baliota,  Melittis,  and  Leonurus  (Mother- wort)  are  found  in 
England. 

Tribe  S,  ScuUllarie^g.  Stamens  4,  didynamous,  ascending,  parallel;  calyx 
closed  when  the  fruit  is  ripe. 

'  In  the  genus  Scutellaria,  the  anthers  of  the  anterior  pair  of  stamens  have  but 
one  theca;  S.  galenculata,  the  common  Skullcap,  and  S.  tniTior,  the  Lesser 
Skullcap,  are  common.  In  the  genus  Prunella  each  filament  has  a  small 
tooth  below  the  anther :  P.  vulgaris  is  common. 

Tribe  9.  AJugoid^a,  Stamens  4,  didynamous,  ascending,  parallel ;  the  pos- 
terior two  are  the  shorter :  upper  lip  of  corolla  very  short. 

Ajuga  T€ytan»t  the  Creeping  Bugle,  and  Teucrium  Seorodonia,  the  Wood 
Germander,  are  common. 

Order  2.  Yerbckacejb.  Flower  sometimes  regular :  stamens 
four,  didynamous,  or  two:  ovary  1-  or  2-locular,  with  two  ovules 
in  each  loculas,  or  spuriously  2-  or  4-locular  in  consequence  of  the 
presence  of  false  dissepiments,  with  one  ovule  in  each  loculus : 
endosperm  small  or  absent:  the  fruit  separates  into  2-4  nutlets : 
style  terminal :  leaves  usually  opposite. 

Verbena  oJicinali4y  the  Vervain,  is  common  on  waste  ground  and  roadsides : 
V.  Aubletia  is  a  common  garden  plant.  Tectona  grandii,  the  Teak-tree  of  the 
East  Indies,  has  a  hard  wood  used  in  sldp-buildintc.  Vitex  Agnus  eastus,  the 
Chaste  or  Hemp-tree,  is  an  ornamental  cultivated  shrub. 

Order  3.  Globulasiacejs.  Stamens  four,  didynamous :  ovary 
unilocular,  with  one  suspended  ovule  :  style  lateral :  seed  with  en- 
dosperm :  leaves  scattered :  inflorescence  capitulate. 

Globularia  vulgaris  and  cordi/olia,  with  radical  leaves,  occar  here  and  there  in 
dry  places  on  the  Continent. 

Cohort  II.  Personales.  Flowers  pentamerous,  usually  dorsi- 
ventral :    stamens  epipetalous:   the  posterior  stamen   is   usually 
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suppressed,  or  appears  as  a  staminode :  carpels  2,  median  :  ovalea 
nsnally  indefinite. 

Order  1.  Scrophularuce*.  Ovary  bilocnlar,  with  nnmerona 
anatropoQS  ovales  borne  on  axile  placentae  :  seed  with  endosperm  : 
stamens  four,  didydamons,  often  with  a  radimentary  fifth  posterior 
stamen  (Fig.  445  B,  st)  ;  sometimes  only  the  two  lateral  stamens 
are  present ;  rarely  all  five  are  fertile :  corolla  with  imbricate 
(cochlear)  eestivation  :  general  floral  formula  as  in  Lamiales. 

8ab-order  1.  Psbvdoboliiixji.  Flower  nearly  regular:  the  two  pogterior 
petals  are  external,  the  anterior  internal :  stamenit  asnally  5 :  leaves  seattered. 
The  genus  Celsia  has  only  4  stamens.  In  the  British  species  of  the  genas 
Yerbasoum,  F.  Thapiut,  the  great  Mullein,  has  unequal  stamens,  the  two 
anterior  being  longer  and  glabrous,  whilst  the  three  posterior  «re  short  and 
their  filaments  have  white  hairs ;  the  stamens  are  similarly  unequal  in  V.  virffa- 
turn  and  in  F.  Blattaria,  but  here  the  hairs  are  purple  and  are  present  (though 
fewer)  on  the  filaments  of  the  long  stamens:  in  F.  Lyehnitis,  mgrum,  and 
jnUveruUntum  the  stamens  are  all  similar,  the  hairs  being  purple  in  F.  nigtum 
and  white  in  the  two  other  species. 


ViG.  4M.— Plural  dingnuns,  A  of  most  Scropbulariarefe ;  B  of  Vercnica ;  C  of  the  Lonli- 
bnlariaoe» :  o  apper,  «  ander  lip. 

Sub-order  2.  Antirrhoidea.  Plowers  irregular :  corolla  as  in  the  preceding, 
the  two  poBterior  petals  forming  the  upper  lip  of  the  corolla :  stamens  4  :  leaves 
opposite.  Antinhinum,  the  Snapdragon,  has  a  projection  on  the  lower  lip  of 
the  personate  corolla,  termed  the  palate ;  the  corolla  is  gibbous  at  the  ba«e ; 
stamens  4  (Fig.  445  A  B):  A.  maju$,  the  great  Snapdragon,  is  a  well-known 
garden  plant.  Linaria  has  a  spurred  personate  corolla  ;  stamens  4 :  L.  t'uif/arw, 
the  yellow  Toad-Flax,  is  common  in  fields.  In  Oratiola  the  two  anterior 
stamens  are  represented  by  staminodes.  Paulowma  %mpe7i4ili9  is  an  ornamental 
flowering  tree  from  Japan.  Limosella  {L.  a(,«a<>a,  the  Modwort)  has  a  sub- 
campanulate  corolla  with  a  short  tube.  Mimnlus  ( t/.  luteu*^  the  Yellow  Monkey- 
flower)  has  a  subcampAnulate  corolla  with  a  two-lipped  limb ;  the  two  lobes  of 
the  stigma  close  together  on  being  touched.  Mturandia  and  Bhodochiton  are 
genera  of  plants  climbing  by  means  of  sensitive  petioles.  Many  species  of 
Mimnlus  (Musk),  CHloeolaria,  Chelone,  and  Pentstemon,  are  cultivated. 

Sub-order  3.  BHiMAKTHoiOEiB.  Flower  irregular:  the  two  posterior  petals 
are  overlapped  by  the  lateral  petals :  stamens  4,  or  2.    Digitalis,  the  Foxg^ote^ 
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has  an  obliqaely  oampanolate  (digitaliloro))  corolla ;  atamens  4 :  D.  purpurea 
is  eommon  in  woods;  the  jellow  D.  grandiflora  is  oaltivated.  Soropholaria 
has  a  globose  corolla;  S.  nodona  (Figwort)  and  S.  aquatica  are  common. 
Veronica,  the  Speedwell,  has  onlj  the  2  postero-lateral  stamens,  and  the  two 
lobes  of  the  upper  lip  of  the  (rotate)  corolla  are  united ;  the  posterior  lobe  of 
the  caljx  is  suppressed  (Figs.  444  B,  445  C) :  V,  Afiagallit  and  V.  Beecabunga 
are  common  in  ditches;  V.  arvenHif  agrestis,  $erpylli/oUaf  Chamadrys,  and 
others  in  pastures  and  fields.  Sibthorpia  has  a  sub-rotate  5--8-fid  corolla, 
and  four  stamens ;  S,  eurttpaa  is  the  Cornish  Moneywort. 

Pedicularis,  the  Lonsewort,  has  a  6-toothed  calyx,  and  the  upper  lip  of  the 
corolla  is  galeate :  Euphrasia,  the  Eyebright,  has  a  4-toothed  calyx,  the  upper 
lip  of  the  corolla  has  two  spreading  or  reflexed  lobes :  Bartsia  has  a  4.toothed 
calyx,  upper  lip  of  the  ringent  corolla  entire  or  only  notched :  Bhinanthus,  the 


Fro.  445.— Flowers  of  SorophnlArlacen.  A  Antirrhinum :  h  oal  jz ;  r  tabe  of  the  personate 
corolla,  (ribbons  at  the  base (h);  o  upper,  u  under  lip  of  the  corolla;  g  prominence  (palate) 
of  the  under  lip.  B  Upper  lip  of  the  same,  seen  from  within :  •  the  two  longer  anterior 
Btameos ;  tf  the  short  lateral  ones ;  tC  rudimentary  posterior  one.  0  Flower  of  Veronica : 
k  calyx ;  ic  it  u  the  three  lobes  of  the  lower  lip  of  the  rotate  corolla  i  o  the  upper  Up;  •  •  the 
two  stamens ;  n  stigma. 

Battle,  has  a  four-toothed  inflated  calyx :  Melampyrnm,  the  Cow-Wbeat,  has  a 
4-toothed  tubular  calyx,  and  the  capsule  is  few-seeded  :  all  these  plants  possess 
chlorophyll,  but  they  are  more  or  less  parasitic  upon  the  roots  of  other  plants. 

Order  2.  Plantaqinaceje.  Flowers  regular,  isobilateral,  and 
apparently  tetramerons,  but  the  true  interpretation  of  them  is  de- 
duced from  those  of  Veronica  (Figs.  444  B  and  446)  :  the  posterior 
sepal  is  suppressed,  as  also  the  posterior  stamen ;  the  two  posterior 
petals  cohere  to  form  an  upper  lip  which  is  quite  similar  to  one  of 
the  lobes  of  the  three-lobed  lower  lip  (Fig.  445  G)  :  stamens  four, 
the  two  anterior  not  being  suppressed :  ovary  dimerous,  bilocular, 
or  sometimes  unilocular  or  spuriously  4-locular :  ovules  solitary 
and  basal,  or  numerous :  fruit  a  capsule  with  transverse  dehis- 
cence, or  a  nutlet :  seed  with  endosperm. 
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Plantago  lancfolata  (Bibwort),  major,  vudia,  the  Plantains,  are  weeds 
nniversally  distributed.  P.  Coronoptu,  the  Bnck^s-hom  Plantain,  and  P.  mari- 
tima,  grow  in  dry  places  and  on  sandy  sea-shores.  The  leaves  form  a  rosette 
just  above  the  root,  and  the  long  scapes  spring  from  their  axils,  bearing  simple 
spikes  (Fig.  446  a,  d).  In  P.  Cynops,  Psyllium,  and  others,  the  main  stem  is 
elongated :  the  testa  of  the  seed  is  mncilaginons.    In  LittoreUa  UicustrU  the 

flowers  are  monoecious;  fruit  1- 
seeded,  indehiscent;  stamens  hy- 
pogynons :  it  grows  on  the  bottom 
in  shallow  waters. 

Order  3.     BiGNONiACEii. 

Stamens  generally  four,  di- 

dynamons :    ovarj    bilocnlar 

or  nnilocnlar:  seeds  -nstially 

winged,  without  endosperm. 

Woody    plants  ;     frequently 

Pig.  446.— Flower  of  Plantago «  a  axis  of  the       climbers,  bj  means  of   twin- 

inflorescence  (Bcape);  d  bract;  k  calyx  j  ccor-       i„  stems,  or  leaf- tendrils,  or 

olla;st  Btamens;  n  sti^^ma  (mag.).    Inthedia-  . 

gram,  0  ifl  the  apper,  and  u  the  under  lip.  TOOts  (TeCOma). 

Catalpa  bignonioides  is  an  ornamental  tree  from  North  America:  Blgnonia, 
Tecoma,  and  Eccremocarpus,  are  weU-known  caltivated  climbers. 

Order  4.  Acanthaceji.  Stamens  four,  didynamous  (diagram 
as  in  Fig.  444  ^4) :  ovary  bilooular:  ovnles  few  on  projecting 
placentse  :  seed  without  endosperm.     Herbs. 

Acanthus  moUis  and  other  species  from  Sonthem  Europe,  are  ornamental 
plants :  Thuobergia  and  Buellia  are  commonly  caltivated  :  Adhatoda,  Josticia, 
and  others  have  only  the  two  antero-lateral  stamens  (as  in  Fig.  444  C). 

Order  5.  GESNERACEiE.  Stamens  usually  four,  didynamons,  or 
sometimes  two  only  :  ovary  unilocular,  with  nnmerous  parietal 
ovules:  seed  with  or  without  endosperm.  Generally  herbs  with 
opposite  leaves. 

Columnea,  Gloxinia,  Acbimenes,  Sinningia,  Streptooarpns,  and  others,  are 
ornamental  plants  from  tropical  America :  Bamondia  inhabits  the  mountains 
of  Southern  Europe. 

Order  6.  OROBANCHACEiE.  Plants  which  are  destitute  of  chlo- 
rophyll, with  scaly  leaves,  parasitic  on  the  roots  of  other  plants: 
otherwise  similar  to  the  GesneracesB. 

The  commoner  species  of  Broomrapes,  occurring  in  Britain,  are  Orohanehe 
major  and  minor,  parasitic  on  Leguminosae,  elatior  on  the  Greater  Knap- 
^eed,  Hed^a  on  Ivy,  ramosa  on  Hemp;  mostly  of  a  brownish  or  whitish 
hue.     Lathraa  Squamaria,  the  Greater  Toothwort,  is  generally  parasitic  on 
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the  roots  of  the  Hazel :  it  is  of  a  pale  rose  colour  with  slightly  bluish  flowers : 
the  subterranpan  scaly  leaves  each  form  a  kind  of  pitcher  apparently  for  the  pur- 
pose of  catching  insects. 

Order  7.  Lentibulartacb«.  Only  the  two  anteix)-lateral  stamens 
are  deyeloped  (Fig.  444  C)  :  ovary  nnilocalar :  ovules  namerons  on 
a  free  central  placenta :  seed  without  endosperm. 

The  numerous  species  of  Utricularia  are  floating  water-plants  with  finely 
divided  leaves  bearing  bladder-like  appendages  (modified  leaflets)  which  serve  to 
catch  small  aquatic  animals  (Fig.  447).  Pinguieula  vulgaris  and  alpina  (Batter- 
worts)  are  small  plants  growing  in  damp  places,  with  rosettes  of  radical  leaves 
which  catch  insects  by  their  viscid  secretion. 

Cohort  III.  Polemoniales.  Flowers  generally  regular,  but 
zygomorphic  in  consequence  of  oligomery  in  the  gynsBcenm ;  pen- 
tamerous :  stamens  epipetalous  :  ovary  of  two,  rarely  five,  carpels : 
leaves  usually  scattered  and 
exstipulate  :  the  inflorescence  is 
often  cymose,  with  a  terminal 
flower :  formula  K  (5)  (0(5)  Ab) 
G^  to  (»). 

Order  1.  Con volvulaceji. 
UsualJy  two  median  carpels 
forming  a  bilocular  ovary,  with 

1-2   anatropous   ovules  in   each  ^'®-  **^-""  B^»dders  of  utricularia.     A 

-         ,            -                n      T_                  "11  Outside  view :  t  pedicel ;  o  entrance  ;<  and 

loCUlus  :  the  corolla   has  usually  ,,  b^gtly  appendages.    B  Section :  «  a  valve 

a   contorted   aBStivation,  twisted  opening  inwards  and  preventing  the  exit  of 

to  the  right;  fruit  a  septifragal  *"« '^"'^'^ "*"" <"*»>• 

capsule,  or  a  berry  :  seed  with  endosperm.  Commonly  plants 
climbing  by  twining  stems  :  with  milky  latex. 

Convolmtltu  arveruitt  the  lesser  Bindweed  (Fig.  829  A),  and  Calyttegia 
Sepium^  the  larger  Bindweed,  the  former  with  two  small  bracteoles.  the  latter 
with  two  large  bracteoles  which  invest  the  calyx,  and  C.  Soldanella^  the  Sea- 
Bindweed,  are  common  wild  plants.  Batatat  edulis  is  caltivated  in  tropical 
America  for  its  edible  tuberous  rhizome,  the  Sweet  Potato. 

The  genns  Guscata  consists  of  parasites  destitute  of  chlorophyll,  with  filiform 
iwining  stems,  which  attach  themselves  to  other  plants  by  means  of  haustoria 
(see  p.  66),  and  derive  their  nourishment  from  them :  the  small  flowers  are 
arranged  in  fascicles  (Fig.  448  h) :  the  corolla  has  imbricate  estivation :  fruit  a 
capsule  with  transverse  dehiscence. 

Ctucuta  europaa,  the  greater  Dodder,  which  oocnrs  commonly  on  Nettles  and 
Hops,  is  widely  distributed :  C.  EpUinum  is  the  Flax  Dodder,  and  C.  Epttkymum^ 
the  lesser  Dodder,  occurs  on  various  low-growing  plants ;  C.  Tri/olii  attacks 
Clover,  which  it  often  destroys. 
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Order  2.  Polemoniackje.  Ovary  usnallj  trimerous  and  trilo- 
cular,  with  one  erect  or  several  oblique  ovules  in  each  loculos : 
capsule  loculicidal :  beed  with  endosperm.     Mostly  herbs. 

Polemonium  earuleum  is  Jacob's  Ladder ;  varions  species  of  Phlox  aod  Gilia 
are  common  garden  plants.  Cobaaa  is  a  genus  of  plans  climbing  by  means 
of  leaf-tendrils. 

Order  3.  Solanacea.  Ovary  usually  consists  of  two  obliquely 
placed  cai*pels  (Fig.  324  />),  bilocular,  with  numerous  ovules  in 
each  loculns ;  the  axile  placentsB  sometimes  project  so  far  into  the 
loculi  that  the  ovary  appears  to  be  qnadrilocular,  as  in  Datura : 
ovules  campylotropons ;  fruit  a  capsule  with  various  dehiscence,  or 
a  berry :  seed  with  endosperm.  Herbs,  occasionally  woody  plants, 
sometimes  climbers  by  irritable  petioles  (e.g,  species  of  Solanum) ; 
without  milky  latex.     Inflorescence  cymose,  but  complicated  by 


Fio.  448.  —  Stem  of 
CtiKtita  eurofXKa  (»),  with 
iDflore8cence(b)  twining 
rocmd  a  stem  of  Hop  (x). 


Fio.  440.— 1  Upper  portion  of  a  flowering:  stem  of  Atropa 
BtUadonna,  B  Diagram  of  the  same  stem  x  1  8  3  ibe 
flowers;  a  and  p  the  bracteoles  and  bracts.  From  the 
axils  of  fi  spring  the  new  floral  axes,  along  which  the  bract 
p  is  displaced. 


the  displacement  of  the  bracts:  Fig.  449  B^  for  instance,  is  a 
diagram  of  the  inflorescence  of  Atropa ;  the  main  axis  which  ter- 
minates with  the  flower  1,  bears  a  bracteole  la  and  a  lateral  shoot 
terminating  in  the  flower  2 ;  this  springs  from  the  axil  of  a  bract 
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1)8,  which,  however,  is  iiot  inserted  at  the  base  of  its  axillary  shoot 
(the  point  of  the  arrow  indicates  its  proper  position),  but  is  dis- 
placed upwards  until  it  is  close  under  the  bracteole  2a;  this 
displacement  is  repeated  thronghout  the  whole  system  of  the  cyme, 
so  that  in  Atropa  there  are  always  two  leaves  below  each  flower,  a 
larger  one  (Fig.  449  A  la,  2a,  and  so  on)  which  is  the  bracteole  of 
the  flower,  and  a  smaller  one  (Fig.  449  A  0)8,  1)8,  2)8,  etc.,)  which 
is  the  bract  from  the  axil  of  which  the  flowering-shoot  springs.  In 
other  of  the  SolanesB  similar  arrangements  are  found.  Most  plants 
of  this  order  are  poisonous. 

Tribe  1.  S^'lanra,  Fruit  a  berry  :  embryo  curved.  In  the  genus  Solanum 
the  anthers  are  syngeDesions  :  8»  Dulcamara,  the  Bittersweet  or  Woody  Night- 
shade, hf&B  a  blue  flower,  and  8.  nigrum  has  a  white  flower  ;  both  are  comnion : 
5.  tuberosum  is  the  Potato  plant.  Phyalit  Alkikengit  the  Winter  Cherry,  has 
an  inflated  red  calyx  which  encloses  the  bt-rry.  Lyeopersicum  escuUntum  is 
the  Tomato.  The  fruits  of  Capticum  longum  and  annuum  are  known  as  Chili 
Peppers.  Atropa  Belladonna  is  the  Deadly  Nightshade;  the  anthers  are  not 
syngenesious,  and  the*  corolla  is  campanulate ;  the  berries  are  black  and  ver/ 
poisonous.  Lycium  barbarum  is  a  shrub  belonging  to  Soathem  Europe 
which  has  become  wild  in  places  in  the  North.  HyotcyamUM  niger  is  the 
common  Henbane  :  the  capsule  dehisces  transversely  (pyxidium). 

Tribe  2.  Daturea.  Capeule  almost  quadrilocular  in  consequence  of  the 
outgrowth  of  the  placenta,  4-Talved :  embryo  curved.  Datura  Stravtonium  is 
the  Thorn-apple. 

Tribe  3.  Cettrea.  Embryo  straight :  all  five  stamens  fertile.  Nieotiana 
Tal  acum  is  the  Tobacco  plant  (Fig.  829  B) :  Petunia  is  commonly  caltivated 
(Fig.  324  D) :  Cestmm  is  a  well-known  genus  of  greenhouse  shrubs. 

Tribe  4.  Salpiglouidea.  Embryo  straight :  stamens  unequal,  only  2  or  4 
fertile.  The  tribe  includes  many  cultivated  herbaceous  or  shrubby  plants,  such 
as  Salpiglossis,  8cbizanthus,  Browallia,  Streptosolen. 

Order  4.  Boraginacsj:.  Ovary  consisting  of  two  median  carpels, 
spuriously  quadrilocular  in  consequence  of  a  constriction  along 
the  dorsal  suture  of  each  carpel  (Fig.  450  0,  r)  :  the  single  style 
usually  arises  from  the  incurved  apices  of  the  carpels  (gynohasic), 
and  is  surrounded  at  its  hase  hy  the  four  loculi  (Fig.  450  B) :  each 
loculus  contains  a  single  suspended  anatropous  ovule :  when  the 
fruit  is  ripe  the  loculi  separate  completely,  and  appear  to  be  four 
nutlets :  seed  without  endosperm  :  the  corolla  usually  has  five  scaly 
ligular  appendages  at  the  junction  of  the  limb  with  the  tube  (Fig. 
450  A  b) :  inflorescence  scorpioid  (see  p.  492),  often  very  compli- 
cated. Herbs  or  shrubs  generally  covered  with  harsh  hairs  and 
only  rarely  glabrous,  e.g.  Myosotis  palustris. 
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8ub-order  1.    Ehrbtoidejb.    Style  at  the  apex  of  the  ovary. 

Heliotropium  peruvianumt  is  a  well-known  garden  plant  with  fragrant  flowers. 

Sub-order  2.  Bobaoimoideje.  Style  inserted  between  the  four  lobes  of  the 
ovary  (gynobasic). 

Myosotis  is  the  Scorpion-grass ;  M,  palwtrU,  the  Forget-me-not,  occurs  in 
damp  places,  If.  sylvatica  in  woods,  and  M,  aroennu  and  others  in  fields. 
Lithonpermum  arvense  (Qromwell),  L,  officinale^  Echium  vulgare  (Viper's  Bn- 
gloss),  with  an  irregular  flower,  Symphytum  officinale^  the  Gomfrey,  Lycopsu 
arvensis  (Common  Bugloss),  Cynoglostum  officinale  (Hound's-tongue),  and  Bora^o 
officincUist  the  Borage,  are  common.  Arichusa  officinalit,  the  Alkanet ;  Mertemia 
maritimat  the  smooth  Gromwell  or  Sea-Bugloss ;  and  Pulmonaria  anguitifolia, 
the  Lang-wort,  are  rare  in  Britain. 


PiO.  480.— -4  Flowerof  Anchasa  (slightly  mag.): 
k  calyx  ;  e  corolla ;  b  the  scaly  appendages.  B 
Fruit  of  Myosotis  (mag.) ;  t  the  receptacle ;  mm 
the  foar  aobienia  ;  g  the  gyBObasio  style.  C  Dia- 
gram of  the  qoadrilocalar  ovary  in  trans,  section : 
r  the  dorsal  satores ;  p  p  the  placenue ;  <  the  ovales 


Fio.  451.  —  Corolla  of  Bry- 
thrcea  Ctntaurivm  spi-ead  oat: 
r  tube ;  <  limb ;  a  stamens. 


Cohort  IV.  Gentianales.  Flowers  regular,  zygoraorphic  in 
consequence  of  oligomery  in  the  gyneecenm  (see  Fig.  324) :  perianth 
and  androBcium  nsaally  4-  or  5-merous  :  corolla  with  frequently 
contorted  asstivation  (to  the  right)  :  stamens  inserted  on  the  tube 
of  the  corolla  :  carpels  two :  leaves  commonlj  decussate  and  exsti- 
pulate :  formula  K  (5)  (0  (5)  A  5)  Q^X 

Order  1.  GENTiANACEiB.  Carpels  pei'fectly  connate,  forming  a 
nni-  or  incompletely  bi-locular  ovary :  ovules  parietal,  numerous, 
anatropous  :  seed  with  endosperm.  Usually  herbs  without  milky 
latex :  leaves  almost  always  entire. 

Sub-order  1.  Gbntianbje.  Leaves  decussate  :  corolla  with  contorted  esti- 
vation. 

Gentiana  (Fig.  824  E),  the  Gentian,  has  a  bilobed  stigma;  it  occurs  in 
mountainous  districts.     Erythrsea  has  a  capitate  stigma ;  E.  Centaurium,  the 
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eommon  Centaury,  is  common  in  pastores  (Fig.  451).  Species  of  Cioendia  and 
Cblora  also  occur  in  Britain. 

Sub-order  2.    Mbntamthea.    Leaves  spiral :  corolla  with  valvate  sestiTation. 

MenyatUhes  trifoUata,  the  Buck-bean  or  Bog-bean,  with  ternate  leaves,  is 
common  in  marshes  (Fig.  824  F) :  Villarsia  nymphaoides  (or  Limnanthemum 
peltatum)  is  found  in  ponds  and  rivers. 

Order  2.  Loganiacej;.  Cof^lla  with  nsually  valvate  SBstivation : 
ovary  usually  bilocalar,  each  localns  containing  one  or  several 
ovules :  seed  with  endosperm  (Fig.  295  A).  Mostly  trees  with, 
opposite  and  usually  exstipulate  leaves ;  some  are  climbers  with 
either  twining  stems  (e.g.  Fagrsea,  G^lsemium),  or  stem-tendrils 
(species  of  Strychnos). 

Semen  Strychnia  or  Nux  vomica,  the  seed  of  Strychnos  NtuB  vomica,  in  the  East 
Indies,  is  extremely  poisonous.  Tbe  South  American  Indians  poison  their 
arrows  with  a  substance  known  as  Curare,  in  the  preparation  of  which  the 
cortex  of  species  of  Strychnos  is  used. 

Order  3.  Apocynacee.  Corolla  with  contorted  SBstivation.  The 
two  carpels  are  usually  connate  only  by  their  styles,  which  become 
free  as  they  ripen  :  seed  usually  devoid  of  endosperm.  Herbs  or 
shrubs,  sometimes  climbers,  with  milky  latex. 

Vinca  minor  (see  Fig.  824  A)  and  other  species,  the  Periwinkles,  are  common 
creeping  plants,  wild  and  in  gardens.  Nerium  Oleander,  an  ornamental  shrub, 
and  species  of  other  genera  (e.g.  Allamanda,  Landolphia,  Amsonia,  Dipladenia) 
are  often  cultivated :  Allamanda  and  Dipladenia  include  scrambling  species, 
climbing  by  means  of  hooks:  Allamanda  has  a  unilocular  ovary  with  two 
parietal  placenta. 

Order  4.     Asclepiadacej:.  ^""T^^V^       T\ 

Corolla   with  usually  imbri-  >"  '^— -wr 

cate  SBstivation.  The  two  "^ 
carpels  usually  form  two  dis- 
tinct monomerous  ovaries : 
styles  short,  united  into  one 
stigma  :  stamens  connate, 
forming  a  tube  surrounding 
the  gynaeceum,  having  pouch- 
shaped  (Fig.  452  A  B,  t)  and 
spur-shaped  (Fig.  452  A  B,  h) 
appendages  :  anthers  2-4 
locular;  the  pollen  of  each 
sac  forms  a  mass  (pollinium,  see  p.  434),  and  the  masses  of  each 
pair  of  contiguous  sacs  adhere  (Fig.  452  0,  p,  p)  and  are  conveyed 


Fio.  462.—^  Flower  of  Asclepias  (mMg.):  o 
the  reflexed  corolla;  n  stigma;  h  the  spars,  t 
the  poaohee,  of  the  stamens.  B  A  solitary  sta- 
men; a  the  anther.    C  Pollen  •masses,  p  and  p. 
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bj  insects  to  the  sfigmata :  ovules  nameronR,  attached  to  the 
ventral  sutnre :  seed  usually  without  endosperm.  Grenerally  woody- 
plants,  often  climbers,  with  milky  latex. 

Aiclepiat  syriaea  and  other  species  are  grown  in  gardens.  Stapelia  has  a 
fleshy  cactus-like  stem.  Hoya  camosa^  the  Wax  flower,  Periploca  grcecu  and 
Ceropegia  Gardneri,  are  cultivated  climbing  plants  with  twining  stems.  Dis- 
chidia  is  a  genus  of  epiphjtio  pitcher-plants* 

Order  5.  Oleacea.  Calyx  and  corolla  usually  4-merous,  some- 
times wanting ;  stamens  and  carpels  two,  alternate :  ovary  bilo- 
cular  :  ovules  2  in  each  loculus:  fruit  a  capsule,  a  berry,  a  drupe, 
or  a  samara :  seeds  1-4,  usaally  with  endosperm  :  stem  woody : 
leaves  always  decussate. 

Sub-order  !•    Olsui Kis.    Fruit  a  berry  or  a  drupe :  seed  suspended. 


Fig.  453.— il  Flower  of  F>axinvM  Omn§  (enlanred):  fc  calyx;  e  corolla ;  <t  stamenft^ 
/  ovary;  a  stigma.  B  ^-fluwer  of  Froxmuc  exu'tflMor,  the  common  Afth;  aa  antbers; 
/ovary ;  n  Ktigma  (enlarged).    Floral  diagram  of  the  Oleaceae. 

Ligustrum  has  a  baccate  fruit ;  L.  vulgare,  the  Privet,  is  a  common  shrub. 
Olea  lias  a  drupaceous  fruit ;  O,  europaa  is  the  Olive-tree  of  the  East  and  of 
Southern  Europe.  Phillyrea,  Osmanthus,  and  Chionantbus,  are  cultivated  as 
ornamental  shrubs. 

Sub-order  2.    Frkx^kx.    Fruit  a  samara:  seed  suspended. 

Tbe  genus  Fraxinus  has  a  winged  fruit ;  in  F,  excelsior^  the  common  Ash,  the 
periantli  is  suppr  ssed  and  the  flowers  are  polygamous ;  in  F.  OmiM,  the  Manna- 
Ash  of  Southern  Europe,  the  perianth  is  complete,  aud  the  corolla  is  deeply 
cleft  (Fig.  453  A). 

Suborders.  Stringejb.  Fruit  a  loculicidal  capsule :  seed  suspended.  The 
genus  Syringa  has  a  tubular  corolla  with  a  4-lobed  limb  ;  S.  vulgaris  is  the  Lilac : 
For^ylhia  is  a  well-known  shrub,  having  numerous  seeds. 

Sub-order  4.  Jasmines.  Fruit  a  constricted  capsule  or  berry:  ovules 
af'cending :  seeds  exalbuminous  :  calyx  and  corolla  often  5-10-meroU8  (see 
Fig  320). 
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The  flowers  of  Jasminum  grandiflorum  and  other  ipeoies  belongiiig  to 
Boutbern  Europe,  contain  a  very  fragrant  ethereal  oil. 

Cohort  V.  Ebenales.  Flowers  actinomorphic,  4-8-meroti8 ; 
formula  often  K(4>)  0(4)  J4  +  4,  Q^±,  the  outer  (antisepalons) 
stamens  bein^  sometimes  suppressed :  stamens  epipetalous :  carpels 
opposite  to  the  sepals :  ovary  multilocular,  with  one  or  two  sns- 
pended  ovules  in  each  loculus :  fruit  usually  fleshy :  seed  usually 
with  endosperm. 

Order  1.     Sapotace*.     Tropical  trees  with  latex  in  sacs. 

The  latex  of  species  of  Palaquinm,  Isonandra,  Mimasops,  etc,  constitntes 
gntta-pereha.  ^ 

Order  2.     EBENACEiE.     Trees ;  flowers  generally  diclinous. 

Diospyros  Khenum  in  the  East  Indies,  and  other  species  in  different  parts  of 
the  world,  yield  the  wood  known  as  Ebony :  D.  Kaki,  the  Persimmon,  has  an 
edible  fruit. 

Order  3.     Sttracb^.    Flowers  perigynous  or  epigynous :  trees. 

Gam  Benzoin  is  the  resin  of  Styrax  Benzoin  in  the  East  Indies :  Haleaia 
Utraptera  the  Snowdrop-tree,  is  a  shrub  frequently  cultivated. 

Cohort  VI.  Primulales.  Flowers  actinomorphic,  usually  pen- 
tamerous:  formula  K(5)  ((7(5)  ^0  +  5)  G^^:  stamens  inserted  on 
the  tube  of  the  corolla  and  opposite  to  its  lobes  :  gyneeceum  con- 
sisting of  five  connate  carpels  which  are  opposite  to  the  sepals ; 
ovary  unilocular,  with  a  free  central  placenta  or  a  single  central 
ovule :  seed  with  endosperm. 

Order  1.  Primulaob£.  Style  single :  ovules  indefinite,  on  a  free 
central  placenta  (Fig.  338  0)  :  the  corolla  is  gamopetalons,  tubular 
below,  expanding  above  into  a  5-lobed  limb;  it  is  suppressed  in  the 
genus  Glaux :  the  stamens  (Fig.  454  a)  are  generally  adnate  to  the 
tube  of  the  corolla  and  are  opposite  to  its  lobes  ;  this  position  of 
the  stamens  is  explained  by  assuming  the  suppression  of  an  outer 
antisepalons  whorl  of  stamens  which  is  represented  in  some  genera 
{e.g.  Soldanella)  and  in  the  following  order  by  petaloid  staminodes, 
an  assumption  which  is  confirmed  by  the  analogy  of  those  Ebenales 
in  which  the  outer  whorl  of  stamens  is  suppressed :  fruit  a  capsule. 
Herbaceous  plants  with  conspicuous  flowers. 

The  genus  Primula  has  a  5-valved  dehiscent  capsule,  and  a  5-cleft  calyx. 
Frimula  vulgaris  is  the  Primrose  ;  Primula  elation  and  P.  veris  are  the  Oxlip 
and  the  Cowslip  or  Paigle ;  they  are  remarkable  in  that  they  are  heterostyled 
(see  p.  455).  The  capsule  of  Anagallis  arveiisiSf  the  Pimpernel,  dehisces 
transversely  (pyxidium).  Cgclimen  europaum,  the  Sow-bread,  has  an  under- 
ground tuber;  the  lobes  of  the  corolla  are  reflexed.    Lysimachia,  the  Yellow 


654. 


PART  111. — THE   CLASSIFICATION  OF   PLANTS. 


Loosestrife,  has  a  deeply  5-cleft  calyx.  Trientalis.  the  Ghickweed  Winter- 
green,  has  usually  a  7-merous  flower.  The  other  British  genera  are  Hottonia 
{H.  paluttriM,  the  Water* violet),  Samolos  (S.  VaUrandi,  the  Brookweed),  and 
Glauz  {G.  piaritima^  the  Sea  Milk- wort). 


Fio.  454.— Dimorphic  flowers  of  Primula  tiatior  in  longitudinal  section.  A  ShorUstyled, 
Blong-etyled  form;  k  oalyz;  o  ooroUa;  a  anthers;  /  ovary ;  f  style;  %  stigma.  Floral 
diagram  of  Primula. 

Order  2.  Myrsinacbji.  These  plants  differ  from  the  preceding 
in  that  the  fruit  is  baccate  and  the  stem  woody  :  a  whorl  of  sta- 
mi nodes  alternating  with  the  petals  is  present  in  some  genera  (e.g, 
Theophrasta). 

Ardisia,  with  red  berries,  is  a  well-known  ornamental  plant. 

Order  3,  Plumbaginace^.  Styles  five  :  there  is  a  single  basal 
ovule  in  the  cavity  of  the  ovary,  pendulous  on  a  long  funicle : 
flowers  often  small,  in  dense  inflorescences  with  numerous  bract-s  : 
no  trace  of  an  external  antisepalous  whorl  of  stamens. 

In  the  genns  Armeria  the  flowers  are  in  oapitala  of  scorpioid  cymes,  which  are 
snrroanded  by  an  involnore  formed  of  the  lower  scarioas  bracts  with  downward 
prolongations  embracing  the  peduncle  ;  A.  maritimat  the  Thrift,  occurs  on  sandy 
soils.  Statice  Limonium,  the  Sea-Lavender,  with  racemose  cymes,  occurs  on 
sandy  sea-shores.  Plumbago  occurs  in  Southern  Europe  and  in  the  East 
Indies. 

Cohort  VII.  Ericales.  Flowers  4-6-merous,  actinomorphic  : 
stamens  usually  in  two  whorls  and  then  obdiplostemonous,  usually 
hypogynous :  carpels  opposite  to  the  petals :  formula  ^(n),  C(n), 
I  ^n  +  n,  6r (n),  where  n  =  4  or  5  :  ovary  superior  or  inferior, 
multilocular,  with  large  recurved  axile  placentae  :  seed  with  en- 
dosperm :  anthers  sometimes  appendiculate  (Fig.  332  B). 
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Order  1.  ERiCACEiE.  Anthers  generally  opening  by  two  pores  at 
the  top  (Fig.  455  .4),  often  furnished  with  appendages  :  pollen 
in  tetrads  :  fruit  a  capsule,  or  succulent :  a  well-developed  disc. 

Sub-order  1.  Bhododendboidejb.  Fruit  a  septioidal  eaptfole  ^  eofoHa  fag» 
clous  :  anthers  without  appendages. 

Rhododendron  femigineum  and  hirsutum,  the  Alpine  Boses,  are  wild  on  the 
continent :  other  species  of  Rhododendron  (incl.  Azalea),  from  the  moantains 
of  Asia  and  North  America,  as  also  species  of  Kalmia  from  North  America,  are 
cultivated.  Daboecia  jpolifolta^  the  Irish  Menziesia  or  St.  Dabeoc's  Heath, 
Phyllodoce  teunfolia,  the  Scottish  Menziesia,  and  LoUeleuria  procumbenSf  the 
trailing  Azalea,  represent  the  sub-order  in  the  British  Flora. 

Sub-order  2.  Abbutoidkji.  Fruit  a  berry,  or  a  drupe,  or  a  looulicidal  cap- 
sule :  corolla  fugacious  :  anthers  usually  appendiculate. 

Andromeda  PolifoUa^  the  Marsh  Andromeda  or  Wild  Bosemaiy,  occurs  in 
peat-bogs,  and  Arctostaphylos  Vva  Urn  and  alpina,  the  red  and  the  black 


Fie.  4&5.—A  Flower  of  Erica:  t  pedicel ;  k  calyx  ;  c  corolla;  a  anthers.  B  Proit.  of 
Pjfrola  roiundifolia :  •  pedicel ;  h  calyx ;  /  f rait,  the  locali  of  which  alternate  with  the  sepals ; 
g  style  ;  n  stigma.  C  Flower  of  Vacdnium  MyrtUlv* :  f  ovary  (inferior) ;  k  calyx ;  o  ooioUa, 
Floral  diagram  of  Erica :  the  stamens  opposite  to  the  petals  are  faintly  shaded. 

Bearberry,  on  the  mountains  of  Scotland.  Arbutus  Unedo  is  the  Strawberry 
tree  of  Southern  Europe,  and  Gaultheria  is  the  Aromatic  Winter-green. 

Sub-order  3.  Ebicoidijb.  Fruit  usually  a  loculicidal  capsule  :  corolla  per- 
sistent :  anthers  usually  appendiculate. 

Calluna  Erica j  the  Ling  or  Heather,  with  a  septicidal  capsule  and  a  deeply 
4-partite  coloured  calyx,  is  common  on  moors :  the  principal  British  species 
of  Erica,  are  E,  mediterranea  (or  camea),  the  Irish  Heath;  E.  Tetralix,  the 
cross-leaved  Heath  ;  E.  cinerea^  the  grey  or  fine-leaved  Heath  ;  and  E.  vagam, 
the  Cornish  Heath.  Very  many  species  belong  to  the  Mediterranean  region, 
and  to  the  Cape. 

Order  2.     EPACRiDACKiK.  The  whorl  of    stamens  opposite  the 

petals  is  nsnally  wanting  :  the  anthers  open  by  one  fissure  onlj. 
Australian  plants. 

V.  s.  B.  U  U 
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Order  3.  Diapensiace^.  Stamens  five,  inserted  in  the  throat  of 
the  corolla :  a  whorl  of  antipetalons  staminodes  sometimes  present : 
anthers  opening  by  obliqae  longitudinal  slits ;  ovary  trilocnlar. 
Low-growing  evergreen  shrubs. 

Diapensia  lappordca  is  a  creeping  shrub  of  the  far  North  :  Shortia  and 
Galax  grow  on  the  mountains  of  North  America. 

Order  4.  pYROLACEiB.  Sepals  more  or  less  distinct :  petals  com- 
monly  connate  at  the  base  only  :  anthers  without  appendages, 
dehiscing  genei-ally  transversely  or  by  pores  :  fruit  a  loculicidal 
capsule  :  seed  minute,  with  an  extremely  small  embryo  consi'^ting 
of  only  a  few  cells,  and  a  relatively  massive  integument.  Sapro- 
phyt-es  containing  chlorophyll. 

Pyrola  rotundifoliat  iceunda,  minor,  and  uni/iora,  the  Winter-greens,  arc 
found  in  woods. 

The  ]Monotrope»  are  saprophytes  devoid  of  chlorophyll,  with  scale-like 
leaves.  Monotropa  Hypopityt  {Hypopityi  multijlora),  the  Bird*8  nest,  is  not 
very  common  in  England. 

Closely  allied  with  the  Pyrolace»  is  the  order  Lemnoaces,  constating  of  a 
few  root-parasites  destitute  of  chlorophyll. 

Order  6,  Vacciniacbjj.  Ovary  inferior  (Fig.  455  C) :  anthers 
with  appendages  (Fig.  332  B),  usually  opening  by  two  pores  : 
fruit  a  berry. 

Vaccinium  Vilu-Idaa  is  the  red  Whortleberry  or  Cowberry ;  it  usually 
blossoms  and  bears  fruit  twice  in  the  year :  V.  Myrtillus  is  the  Bilberry, 
Blaeberry,  or  Whortleberry,  with  deciduous  leaves :  V.  OxycoceoB  (Oxycocco* 
paluHtris,  or  Schollera  Oxycoccos)  is  the  Cranberry:  and  V,  uliginotum^  the 
great  Bilberry  or  Bog- Whortleberry.  They  are  all  low  ahrubd  oooorring  on 
moors. 

SERIES  n.     EPIGYN^. 
Ovary  inferior. 

Cohort  I.  Campanales.  Flowers  actinomorphio  or  zygo- 
morphic,  pentamerous ;  formula  ^(5)  (7(5)  A(b)  G^^  to  jsj-  sepaU 
leafy  and  narrow  :  stamens  usually  free  from  the  corolla,  but 
often  connate :   ovary  multilocnlar,  of  two  to  five  carpels,  inferior. 

Order  1.  Campaxulace^.  Flowers  regular,  frequently  zygo- 
morphic  in  consequence  of  oligomery  in  the  gyneaceum ;  sometimeb 
actinomorphio  (Fig.  312):  stamens  five,  often  connate  at  the  base 
ovary  usually  trilocular,  with  numerous  ovules ;  placentatioi 
axile  •  fruit  a  capsule  :  seed  with  endosperm.  Mostly  herbs  witfc 
milky  latex. 
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The  gynflBcenm  is  often  oligomerons,  and  then  usaally  trimerous  (e,g, 
most  species  of  Campanula  and  Phyteama),  sometimes  bilooular  (Jasione,  , 
species  of  Phyteuma) :  when  isomerous,  the  carpels  are  either  antisepaloas 
and  therefore  opposite  to  the  stamens  (e.g,  a  few  species  of  Campanula,  Fig. 
3L2,  Michanxia,  Wahlenbergia),  or  antipetalous  and  therefore  alternate  with 
the  stamens  (e.g.  Massohia,  Platjcodon). 


Fio.  466. — AndrtBciam  and  gfyneecenm  of 
Campanula :  /  inferior  ovary  ;  c  insertion 
of  the  oorolla;  a  anthers;  b  expanded  base 
of  the  stamens ;  n  stigmata  (mag.)« 


Fio.  457.— il  Floral  diafrram  of  a  spe- 
cies of  Campanula  with  a  trimerous 
ovary  (e.g.  C.  Tperticifolia) :  a  gyxmceum 
of  Lobelia. 


Campanula  rotundifolia^  the  Hare-bell,  glomeratay  and  other  species  are  com- 
mon in  fields,  on  heaths,  etc.,  etc.  :  C.  Medium  is  the  Canterbury -bell  cultivated 
in  gardens.  Phyteuma  orbiculare  and  »picatum,  the  Bampions,  are  indigenous 
in  parts  of  England ;  the  flowers  are  in  capitnla,  and  the  cal  x  is  deeply  5  cleft 
with  spreading  teeth:  nearly  allied  is  the  genus  Jasione;  J.  montana,  the 
Sheep^s-bit,  is  common  in  England.  Specularia  has  a  rotate  corolla ;  S. 
Speculum^  Yenus's  Looking-glass,  is  cultivated. 

Order  2.  Lobeliace-K.  Flowers  dorsi ventral,  resupinate  (Fipr. 
458;  see  p.  511):  the  corolla  commonly  forms  a  tube  which  is 
more  or  less  cleft  on  one  side,  and 
the  limb  is  divided  into  two  lips, 
the  lower  one  consisting  of  three 
lobes  (Fig.  458  A,  m),  and  the  npper 
of  two  smaller  ones  (A,  o) :  at  their 
first  formation  the  position  of  these 
parts  is  exactly  the  reverse,  bat 
in  the  coarse  of  development  the 
pedicel  nndergoes  torsion,  so  that 
those  parts  which  are  originally 
posterior  become  anterior,  and  vice 
verad ;  anthers  syngenesious  (Fig. 
458  B,  sr)  and  unequal  in  con- 
sequence of  the  dorsiventrality  of 
the  flower :  ovary  1-,  2-,  or  3-locu- 


Fio.  458. —  il  Flovrer  of  Lobelia t  / 
ovary ;  le  caljx ;  o  apper,  u  nnder  lip  of 
the  corolla;  8  stsmens.  JB  Andrcscinm 
and  gynsBceum  of  the  same  :  »t  tube 
formed  by  the  stamens }  ai^  antbers 
(mag.). 
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lar,  with  nTunerous  anatropons  ovules  :  fruit  a  capsule :  seed  with 
endosperm.     Herhs  or  shruhs  usually  with  milkj  latex. 

L.  Dortmanni,  the  Water  Lobelia,  and  L.  ureiu,  the  acrid  Lobelia,  occur  in 
some  parts  of  England. 

Cohort  II.  Rubiales.  Flowers  generally  regular,  actinomor- 
phic  or  zygomorphie :  calyx  generally  present ;  stamens  epi- 
petalous  :  gynoeceum  2-5-meroiis  :  ovary  uni-  or  multi-locnlar : 
ovules  2 — 00 :  leaves  generally  opposite. 

Order  1.  Rdbiace-«.  Flowers  regular,  4-  or  5-merous :  calyx 
leafy  or  suppressed :  corolla  with  valvate  sesCivation  :  ovary 
1-  or  2-locular,  consisting  of  2  carpels,  1-  or  many-seeded :  seed 

usually  containing 
endosperm :  leaves 
decussate,  stipu- 
late :  stipules  (see 
p.  48)  often  similar 
to  the  true  leaves 
(Fig.  459  A,nn): 
the  true  leaves  are 
distinguished  by 
the  branches  which 
arise  in  their  axils 
(Fig.  459^, //.„). 

Sub-order  1.  Stkx.- 
LATJB.  Stipules  large 
and  leafy:  locoli  1- 
seeded. 

Galium,  Bedstraw, 
has  a  rotate  41obed 
corolla  and  an  incon- 
spicuous calyx,  usually 
tetramerous:  G.verum, 
Mollugo,  Aparine^  and 
otliers  are  common  in 
hedges  and  pastures. 
Asperula  has  an  infundibuliform  corolla,  but  in  other  respects  the  flower 
resembles  that  of  Galium ;  A.  odorata^  the  Wood-ruff,  is  common :  A,  cynanchica 
is  the  Squinancy-wort.  Rubia  Tinctorum,  the  Djer's  Madder,  has  a  pentameroos 
flower,  a  rotate  5-lobed  corolla,  and  a  baccate  fruit ;  it  is  used  in  dyeing  and 
largely  cultivated;  it  is  indigenous  in  Southern  Europe  and  the  East;  it  is 
closely  allied  to  the  British  species  R,  peregiina,  the  Wild  MaHder.  Sherardia 
has  a  tubular  4  lobed  corolla,  and  a  conspicuous  caljz  with  a  4-6  toothed 


Fie.  i6».—A  Portion  of  a  stem  of  Rvhia  Tindorum :  ff  the 
decnssate  leaves  with  the  yonng  shoots  ($  s)  in  their  axiU ; 
n  n  the  free  stipales  reeembling  the  leaves  (nat  size).  B 
Flower  (mag.):  /  ovary ;  k  calyx  (rudimentary) ;  o  ooroUa;  a 
anthers;  n stigma. 
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limb  which  persists  on  the  top  of  the  frait ;  S.  arvemU,  the  Field  Madder,  is 
found  in  cultivated  and  waste  places. 

Sub-order  2.    Coffees.    Stipules  scaly :  loculi  l-seeded. 

Coffea  arabica,  the  Coffee-tree  of  Africa,  is  grown  in  the  tropics ;  the  fruit,  a 
berry,  contains  one  or  two  seeds ;  the  so-oalled  coffee-bean  is  the  seed,  which 
consists  of  hard  endosperm  and  contains  a  small  embryo.  Gephaelis  yields 
Ipeoaohuana. 

Sub-order  8.  Cinohonea.    Stipules  scaly  ;  loculi  many-seeded. 

Various  species  of  Cinchona,  indigenous  to  the  eastern  slopes  of  the  Andes, 
but  cnltiyated  in  Java  and  the  East  Indies,  yield  the  cinchona- bark  from  which 
Quinine  is  prepared.  Bouvardias  are  ornamental  greenhouse  plants  from 
Central  America. 

Order  2.  Capbtfoltacej:.  Flowers  nsnally  pentamerons,  actino- 
morphic  or  zygomorphic :  corolla  usually  with  imbricate  fiBstiva- 
tion ;  gynjBcenm  2-5-meroii8  :  ovules  suspended  :  fruit  baccate ; 
seed  with  endosperm:  levies  opposite,  usually  exstipulate. 
Mostly  trees  or  shrubs. 


Fio.  460. — ^Floral  diagram  of 
CaprifoHacefe.  A  Leycesteria : 
agynseceoin  of  Tjonicera;  b  of 
SymphoricarptiB. 


Fio.  461.— Flower  of  Jkmtc#raCapr{/oltum!  /ovary;  le  calyx;  r  coroUa-tabe ;  ee  the  five 
lobes  of  the  limb ;  st  stamens ;  g  style ;  n  stigma. 


Tribe  1.  Sambueea,  Flower  regular,  sometimes  completely  aotinomorphio, 
corolla  rotate  (Fig.  329  C) :  one  ovule  in  each  loculus. 

Sambucus  has  a  5-partite  corolla,  and  8-5  seeds  in  the  berry;  S.  nigra  is  the 
Elder ;  8,  Ehulus  is  the  Dwarf  Elder  or  Danewort.  Viburnum  has  a  5-partite 
corolla,  and  one  seed  in  the  trimerous  berry,  two  carpels  being  abortive  ;  V. 
J^antana  and  F.  Opultu,  the  Guelder  Rose,  are  common ;  a  form  of  the  last 
species  is  cultivated  in  which  all  the  flowers  (and  not  merely  those  at  the 
circumference  of  the  corymb  as  in  the  original  species)  have  a  large  corolla,  and 
are  barren  ;  F.  Tintu  is  the  Laurustinus.  Adora  moschatellina^  the  Mosohatel,  is  a 
gmall  plant  occurring  in  damp  woods ;  its  flowers  are  4-  or  5meron8 ;  it  Appears 
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that  there  is  no  calyx,  that  which  is  regarded  as  the  caljx  heing  probably  an 
involucre  of  braoteoles  and  bract :  the  Btamena  are  each  divided  into  two,  so 
that  there  are  8-10  bilocular  anthers. 

Tribe  2.  Lonicerea,  Flowers  more  or  less  irregular,  zygomorphio ;  corolla 
tubular :  loculi  containing  several  ovules. 

Lonicera,  the  Honeysuckle,  has  a  somewhat  bilabiate  corolla  (Fig.  461),  and  a 
2-3-locnlar  ovary ;  L.  Capri/olium  and  Periclymenumy  with  a  climbing  stem,  are 
well-known  garden  shrubs;  in  many  species  the  fruit  of  two  adjacent  flowers 
grow  together  to  form  a  single  berry  (e,g,  L,  alpigena),  Symphoricarpiu 
racemoswif  the  Snowberry,  has  a  4-5-locular  ovary  with  white  berries  ;  it  is  a 
common  ornamental  shrub.  Diervilla  (or  Weigelia)  has  a  bilocular  capsule ;  2>. 
fiorida  and  roiea  are  ornamental  shrubs.  Linnaa  borralis  is  a  small  creeping 
plant  in  Scotland ;  it  has  4  unequal  stamens,  the  posterior  being  suppressed,  and 
a  trilocular  ovary. 


Cohort  III.  Aste rales.  Flower  either  irregular  or  regular, 
pentamerous,  zygomorphio  in  coDsequence  of  oligomery  in  the 
gjnteceum  :    calyx   inconspicaoas,   often  wanting :   stamens  epi- 

petalous,  alternating  with 
the  segments  of  the  corolla : 
ovary  .unilocular,  ovule  soli- 
tary. 

Order  1.  Valerianace*. 
Flower  irregular :  calyx 
rudimentary,  sometimes 
eventually  assuming  the  form 
of  a  hairy  crown  of  ten  rays, 
called  a  pappus^  which  is  not 
developed  until  after  flower- 
ing (Fig.  462  P,  p)  ;  during 
flowering  it  remains  short 
and  infolded  (Fig.  462  A,  k): 
stamens  1-4,  usually  three: 
carpels  three,  of  which,  how- 
ever, usually  only  one  de- 
velopes,  so  that  the  fruit  is 
unilocular  (Diagram  -4,  Fig. 
462) ;  ovule  single,  sus- 
pended :  seed  without  endo- 
sperm :   leaves  decussate,  ex- 

Fio.  482.— i*  Flower,  B  Fruit  of  Valerian:  /  ,.       ,    , 

ovary ;  fc  calyx ;  c  corolla ;  a  apur :  st  stamens ;  P 

g  style;    p  pappas.      Floral    diagrams,    -<1  of  _ ,     ^-                                      .          . 

Valerian  ;  abortive  carpel,  x  x :    B  of  Can-  O'     *^e     ^enen,    occumng    m 

IranUxos.  Britain,  Valeriana  and  Centranthus 
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have  a  pappns  whilst  Yalerianella  has  not.  Valeriana  officinalis^  and  dioiea,  are 
common  in  damp  places.  Yalerianella  has  a  toothed  calyx-limb  ;  many  species 
are  common  in  fields :  Valerianella  olitoria^  Corn-salad,  or  Lamb's-lettuce,  is 
eaten.  Centranthat  ruber  \a  wa.  ornamental  plant;  only  one  stamen  and  one 
carpel  are  developed  (Fig.  462,  Diagram  B) ;  at  the  base  of  the  tnbe  of  the 
corolla  is  a  spur  which  is  indicated  in  Valeriana  by  a  protuberance. 

Order  2.  Dipsacejc.  Flower  more  or  less  dors i ventral,  sur- 
rounded bj  an  epicalyx  (Fig.  463  V)  formed  of  connate  bmcteoles: 
calyx  often  plumose  or  bristly  (Fig  463  1c) :  corolla  usually  bila- 
biat'e :  stamens  only  four,  the  posterior  one  being  suppressed : 
ovary  apparently  dimerous,  one  carpel  being  more  or  less  com- 
pletely suppressed,  unilocular,  with  one  suspended  ovule  :  seed 
with  endosperm :  leaves  decussate,  exstipulate  :  flowers  in  a  dense 
capitalum  surrounded  by  an  involucre  of  bracts  :  the  outer  florets 
are  usually  ligulate :  the  receptacle  may  or  may  not  bear  scaly 
bracts  (palee) :  fruit  invested  by  the  epicalyx  which  is  cleft  longi- 
tudinally. 

Dipsaons,  the  Teazle,  has  a  calyx  without  bristles ;  the  oapitula  of  Dipgacut 
FiUlonum  are  used  in  finishing  woollen  cloth,  for  the  sake  of  the  strong  hooked 
spines  of  the  palees :  D.  iylvettiia  is  common  on  waste  ground.  In  the  genus 
Scahiosa,  the  paleie,  which  are  usually  present,  are  not  spinous  :  in  the  sub-genus 
Asterocephalus,  the  epicalyx  (or  inTolucel)  is  8-furTowed,  and  its  projecting  limb 
is  dry  and  scarions ;  5.  Columbaria^  with  a  5-lobed  corolla,  is  common  in  dry 
pastures :  in  the  sub-genus  Suecisa,  the  limb  of  the  8-furrowed  epicalyx  is  her- 
baceous ;  S.  tucei$a,  with  a  4-lobed  corolla,  occurs  in  damp  meadows :  in  the 
sub-genus  Knautia,  there  are  no  palea  but  the  receptacle  is  haiiy,  and  the  epi- 
calyx is  4-furrowed ;  S,  arventit  is  common  in  fields. 

Order  3.  CoMPOSiTiE.  The  flowers  are  always  collected  into 
many-flowered  capitula  (sometimes  only  1-flowered) ;  different 
kinds  of  flowers  (  ^ ,  $  ,  or  sterile)  generally  present  in  the  same 
head :  ovary  dimerous  unilocular,  with  a  basal,  erect,  anatropous 
ovule :  the  calyx  is  rarely  present  in  the  form  of  small  leaves  or 
scales  (Fig.  466  D,  p)  ;  more  commonly  it  is  a  crown  of  simple  or 
branched  hairs  (pappus ;  Figs.  464  p ;  466  J,  J^,  p),  and  is  not 
developed  till  after  the  flowering  is  over ;  sometimes  the 
calyx  is  wholly  wanting :  corolla  tubular,  either  regular,  and  5- 
toothed  (Figs.  464  -4,  c;  466  0,  w,  c),  or  irregular  and  expanded 
at  the  upper  end  in  a  lateral  limb  with  3  or  5  teeth  (Figs.  464  B ; 
466  Bj  ra;  466  A^  ra,  c),  when  it  is  said  to  be  ligulate  :  the  sta- 
mens are  short,  inserted  npon  the  corolla  (Fig.  464  A^  st) ;  the 
anthers  are  elongated  and  syngenesious,  forming  a  tube  through 
which  the  style  passes  (Figs.  464  A^  a ;  466  A^  a)  :  this  is  bifid  at 
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its  upper  end  (Fig.  464  A,  n;  466  A  and  C,  n)  :  on  each  of  these 
branches  the  stigmatic  papillsB  are  arranged  in  two  rows :  in  the 
wholly  §  flowers  the  styles  are  usually  shorter  (Fig.  464  B,  g)  : 
fruit  a  cypsela  (p.  530),  crowned  by  the  pappus  (Fig.  466  A,  Ey  I>, 
p)  when  it  is  present  (Fig.  466  -F,  /)  :  sometimes  the  fruit  has  its 
upper  end  prolonged  into  a  beak,  and  its  surface  is  covered  with 
ridges  or  spines  (Fig.  466  E)  :  seed  without  endosperm. 

Usually  herbs  with  scattered  (more  rarely  decussate),  exstipulate 
leaves,  often  with  milky  latex.    The  capitula  are  always  surrounded 


Pi».  403.— Flower  of 
Bcabiosa(mag.) :  /ovary; 
V  epicaljx  (long  sect.); 
fc  calyx ;  c  corolla;  ti  sta- 
mena ; «  stigma. 


Fie.  465.— Floral  dia. 
gram  of  Cknnpoaitti 
(^bnlar  floret). 


Fio.  494.-  Flower  of  Arnica  (mag.).  A  Tabular  floret  from  the  centre  (disc)  (longitndisal 
sect ) .  B  Ligulate  marginal  floret  (ray) :  /  ovary ;  p  pappus ;  c  corolla ;  a  anthers ;  a  stigmai 
9  style ;  •  ovule. 

by  a  number  of  bracts  forming  an  in  vol  acre  (Fig.  466  B,  0,  i). 
The  scaly  bracts  of  the  individual  florets  (palesD)  may  be  present 
or  wanting  (Fig.  466  (7,  d). 

The  CompositsB  are  classified  according  to  the  form  of  the 
flowers  and  to  the  distribution  of  the  different  kinds  of  flowers  in 
the  inflorescence. 

Sub-order  I.  TuBULirLORJE.  The  capitala  either  consists  entirely  of  5  tubu- 
lar florets  (by  tabular  flowers  are  meant  tbose  with  a  regular  5-toothed  corolla) 
or  the  central  florets  (florets  of  the  disc)  are  tubular  and  $  (Fig.  464  A)^ 
whereas  the  florets  of  the  ray  are  ligulate  and  ^  or  sterile,  and  form  one  or  two 
rows  (FigB.  464  £ ;  466  £  and  C,  ra). 
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Tribe  1.  Eupatoriea,  Leaves  mostly  opposite  :  flowers  all  tabalar,  ^  ;  the 
branches  of  style  narrow ;  papillae  extending  to  the  middle. 

Eupatoriun  cannabinunif  the  Hemp  Agrimony,  is  common  in  damp  places. 

Tribe  2.  AsUroidece.  Leaves  alternate:  ray-florets  ?  or  sterile,  generally 
lignlate :  branches  of  the  style  hairy  above,  papill©  extending  to  where  the 
hairs  begin.  Many  species  of  Aster,  belonging  chiefly  to  North  America,  are 
cultivated  as  ornamental  plants,  as  also  Callistephu$  hortemUt  commonly  known 
as  the  China  Aster.  Erigeron  <icre,  cUpinum,  and  canaderue  occur  in  England  ; 
the  last  is  an  imported  weed.  Bellii  perennit,  the  Daisy,  has  no  pappus.  Solidago 
virgaurea  is  the  Golden  Bod. 


Fio.  466. — ^Flowers  of  Oomposita:  /  fruit  or  ovary  :  h  its  beak  ;  p  pappus;  e  corolla;  s 
staroenK;  a  anthers;  n  stigrmata.  A  Ligulate  flower  of  Taraxacum,  with  a6-tO(>tbed  corolla- 
limb,  9 .  B  Capitalum  of  Achillea:  ra  floret  of  the  ray,  with  ligulate  S-toothed  corolla,  9  j 
m  9  florets  of  the  disc,  with  a  6-toothed  tubular  corolla ;  %  involucre.  C  Longitudinal 
section  more  highly  magnified  ;  r  receptacle;  t  involucre;  d  bracteoles  (palce) ;  ra  floret 
of  the  ray ;  m  florets  of  the  disc ;  n'  stigmata  of  the  $  flowers.  D  Fruit  of  Tanacetum 
with  a  scaly  pappus:  B  of  Taraxacum,  with  a  hairy  pappus;  H  beak:  F  of  Artemisia 
without  a  pappus  (mag.X 


Tribe  8.  Serucionid^a.  Leaves  alternate :  ray-florets  in  one  row,  ligulate 
9  ,  rarely  absent :  branches  of  the  style  tufted  at  the  tips. 

Senecio  vnlgarit,  the  common  Groundsel,  has  no  ray-florets.  Arnica  moniana 
occurs  in  Alpine  woods.  Two  species  of  Doronicum  (D.  Pardalianches  and 
plant<igineum)  have  become  naturalized  in  England.    P€tatiU$  vulgarii,  the 
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Batter- bur,  and  Ttunlago  Farfara^the  common  Coltsfoot,  are  common  in  damp 
fields. 

Tribe  4.  Anthemidea,  Leaves  alternate:  ray-florets  $,liga1ate  or  tubular: 
branches  of  style  tufted  at  the  tips :  involueral  bracts  scarious  :  pappus  0,  or 
minute. 

Artemisia  AbMitUhium^  Wormwood,  A.  vulgaris  and  eampeitris  are  common: 
Chrysanthemum  Leueauthemum,  the  Ox-eye  Daisy,  is  common  in  fields  :  Matri- 
caria ChamomiUa^  the  Wild  Chamomile,  has  a  hollow  conical  receptacle 
destitute  of  paleas :  Anthemis  nobiiis^  the  Common  Chamomile,  has  a  receptacle 
bearing  palesB,  as  also  A.  arvensis^  the  Com  Chamomile  :  Achillea  MilUfolium 
is  the  Milfoil,  or  Yarrow  :  Tatiacetum  vtUgare  is  the  Tansy :  Diotis  maritima  is 
the  seaside  Cotton-weed. 

Tribe  5.  Helianthoidea,  Leaves  opposite  :  ray-florets  0  or  lignlate,  yellow, 
$  or  sterile :  branches  of  style  as  in  Asteroideie. 

Bidena  is  common  in  wet  places.  Galinsoga  is  naturalized  in  England.  Heli- 
anthus  annuus  is  the  Sunflower ;  oil  is  extracted  from  the  seeds :  the  tubers  of 
H.  iuberosus^  a  West  Indian  species,  are  rich  in  inulin  (p.  114),  and  serve  as 
a  vegetable  (Jerusalem  Artichoke).  Species  of  Zinnia,  Budbeckia,  Dahlia,  and 
Coreopsis  are  cultivated. 

Tribe  6.  HeUnioidea.  Besemble  the  Helianthoidee,  but  the  receptacle  is 
without  paleie.  Species  of  Helenium,  Tagetes,  Gaillardia,  are  commonly  culti- 
vated as  garden  flowers. 

Tribe  7.  Inuloidea,  Leaves  alternate  :  ray-florets  frequently  ligulate,  $ , 
yellow  :  anthers  appendiculate  at  base. 

In  Inula  (I.  Heleniumy  the  Elecampane),  Palioaria  (P.  dysenterica,  the  Flea- 
bane),  and  others,  the  ray-florets  are  ligulate;  whereas,  in  other  genera,  Gna- 
phalium  (the  Cudweed),  Filago,  Antennaria,  the  ray-florets  are  filiform  ;  Anten- 
naria  is  dicecious. 

Tribe  8.  Cynarea.  Flowers  all  tubular,  the  outer  ones  sometimes  $  or 
sterile:  style  thickened  below  the  branches:  anthers  often  appendiculate  at 
base :  leaves  generally  armed  with  spines,  alternate. 

Arctium  Lappa  {A,  majus),  the  Burdock,  is  common  by  roadsides  ;  the  leaves  of 
the  involucre  are  hooked  and  spinous.  Carduus  nutaiu  and  erispus  are  common 
(true)  Thistles  ;  Cnicus  laneeolatus,  paliutris,  pratensis  (Plume-thistles),  are 
common  in  damp  districts.  Carliiia  vulgarist  is  the  Carline-Thistle ;  the  inner 
leaves  of  the  involucre,  which  are  white,  fold  over  the  flower-head  under  the 
influence  of  moisture,  but  in  drought  spread  widely  open.  Onopordon  Acantkium 
is  the  Scotch  or  Cotton  Thistle.  Centaurea  Scabiosa  and  ttigra,  the  Knapweeds, 
are  common  everywhere  :  C.  Cyanus  is  the  Corn-flower  or  Bluebottle,  occurring 
in  wheat-fields.  Cynara  Scolymus  is  the  Artichoke ;  the  flower-buds  are  eaten 
as  a  vegetable.  Carthamus  tinctoria,  the  Safilower,  is  used  in  dyeing.  In  Echi- 
nops,  the  Globe- Thistle,  numerous  one-flowered  capitula  are  collected  into  one 
large  spherical  head.     Saussurea  and  Serratula  are  the  Saw-worts. 

Tribe  9.  Calendulea,  Bay-florets  $  and  usually  ligulate :  diso-floreta  usu- 
ally sterile. 

Calendula  officindlis,  the  Pot  Marigold,  is  a  familiar  garden  plant. 

Sub-order  IL  Labiatifu)bjb.  The  $  disc-florets  have  a  regular  or  a  bilabiate 
corolla ;  the  ray-florets  have  usually  a  bilabiate  corolla. 
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Trib«  10.  MutisUa.  This  tribe  inclndes  all  the  Compositao  with  a  bilabiate 
corolla:  they  come  mostly  from  South  America.  Mutisia  is  one  of  the  few 
climbing  genera:  it  climbs  by  means  of  leaf- tendrils. 

Sob-order  III.  LiGULiFLoaas.  All  the  florets  are  $ ;  limb  of  the  corolla  5- 
toothed  and  ligulate  (Fig.  466  A), 

Tribe  11.  Cichoriea.  Mostly  herbs,  all  containing  latex  in  laticiferous 
vessels  (p.  142). 

Taraxacum  officinale,  the  Dandelion,  is  the  commonest  of  wild  flowers. 
Lactuca  fotiva  is  the  Lettuce :  L.  Scariola,  virosa,  and  others  are  common  in 
waste  places.  Scorzonera  hispanica  is  eaten  as  a  vegetable.  Tragopogon  por- 
rifoliut  is  the  Salsafy ;  T.  prateruU,  the  Goat's-beard,  is  common.  Cichorium 
IntybuM,  the  Chicory,  is  found  by  roadsides ;  the  roasted  roots  are  mixed  with 
Coffee:  C  Endioia  (Endive)  is  a  vegetable.  To  this  tribe  belong  also  the 
British  genera  HypochsBris  (Cat's-ear),  Amoseris  (Lamb's  Succory),  Leontodon 
(Hawkbic),  Hieracium  (Hawkwfed),  Sonohoa  (Sow-Thistle),  Crepis  (Hawk*a- 
beard},  Lapsana  (Nipplewort),  Picris. 


PART   IV. 
THE   PHYSIOLOGY  OF  PLANTS. 

§  1.  Introductory.  The  province  of  physiology  is  the  study 
of  those  phenomena  which,  taken  together,  constitate  the  life  of 
the  plant ;  in  other  words,  whilst  morphology  is  concerned  witli 
what  plants  are,  and  histology  with  their  structure,  physiology 
deals  with  what  they  do.  These  phenomena  may  be  classified, 
according  to  their  nature,  into  functions,  or  different  kinds  of 
physiological  work. 

The  body  of  t)ie  plant,  whether  it  be  unicellular  or  multicellular, 
is  one  physiological  whole.  In  the  lower  and  simpler  plants  the 
various  functions  are  equally  discharged  by  all  parts  of  the  body  ; 
but  in  more  highly-organised  plants  the  functions  are  distributed 
among  the  members  and  tissues,  that  is,  there  is  physiological 
division  of  labour  (see  pp.  2,  92).  In  these  higher  plants  each 
member,  and  each  tissue,  is  adapted  to  the  performance  of  one 
or  more  functions,  and  is  the  organ  (p.  2)  by  which  these  special 
kinds  of  physiological  work  are  done. 

The  performance  of  their  functions  by  the  organs  of  the  plant  is, 
however,  materially  affected  by  various  external  conditions.  For 
instance,  the  activity  of  the  assimilatory  function  of  green  leaves 
is  altogether  dependent  upon  exposure  to  light  of  adequate  in- 
tensity. Hence  the  object  of  physiology  is  not  only  to  distinguish 
and  study  the  various  functions,  and  to  demonstrate  the  relation 
between  them  and  the  internal  structure  and  the  external  form  of 
the  organs  performing  them,  but  also  to  determine  what  are  the 
external  conditions  by  which  the  performance  of  the  various 
functions  is  affected,  and  the  modes  in  which  these  conditions  exert 
their  influence. 


CHAPTER  L 
GENERAL  PHYSIOLOGY. 

§  2.  The  Functions.  In  entering  upon  the  analysis  of  the 
vital  phenomena  of  plants,  it  must  be  clearly  understood  that  these 
phenomena  all  depend  upon  the  living  protoplasm ;  that  the  vital 
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f  unctions  are  performed  hy  the  protoplasm,  though  the  other  cell- 
contents  and  the  cell-walls  are  not  without  their  physiological 
importance.  With  regard  to  the  functions  themselves,  it  is 
apparent,  in  the  first  place,  that  the  outcome  of  the  physiological 
activity  of  the  plant  is  the  maintenance  of  itself,  and  the  produc- 
tion of  new  individuals  resembling  itself.  Hence  a  distinction  may 
at  once  be  drawn  between  the  nutritive  and  the  reproductive  pro- 
perties of  protoplasm.  Moreover,  during  its  life,  the  plant 
responds,  in  a  more  or  less  marked  manner,  to  the  action  of 
external  forces,  snch  as  light,  gravity,  etc.  This  is  a  manifesta- 
tion of  another  property  of  the  protoplasm,  namely  irritahiltty  or 
sensitiveness.  Very  commonly  the  response  to  the  action  of  the 
external  forces  is  of  the  nature  of  movement :  but  movements  may 
be  spontaneously  performed  by  various  parts  in  virtue  of  the  auto- 
matism of  the  protoplasm :  the  motile  property  of  protoplasm  may 
be  termed  motility. 

The  nutritive  property  of  protoplasm  requires,  however,  further 
analysis.  First,  it  is  clear  that  nutrition  necessarily  depends  upon 
the  absorption  of  food  from  without ;  hence  the  plant  is  capable 
of  performing  the  function  of  absorption.  Secondly,  from  the  food 
absorbed,  protoplasm  must  ultimately  be  formed ;  the  building  up 
of  protoplasm  out  of  the  food  is  termed  assimilation,  and  the  pro- 
perty by  means  of  which  this  function  is  performed  is  termed  the 
meiaholic  ]»x)perty  of  protoplasm. 

But  the  metabolic  processes  going  on  in  the  protoplasm  are  not 
only  such  as  lead  to  its  maintenance  or  increase  in  bulk  ;  on  the 
contrary,  the  protoplasm  is  continually  undergoing  decomposition. 

Stating  these  points  in  a  more  general  form,  it  is  to  be  clearly 
apprehended  that  there  are  two  sets  of  chemical  processes  con- 
tinually  and  simultaneously  going  on  in  living  protoplasm.  Of 
these,  which  together  constitute  the  metabolism  of  the  plant,  one 
set  includes  those  -processes  which  lead  to  the  formation  of  more 
complex  substances  from  simpler  ones  ;  the  other,  those  processes 
which  lead  to  the  formation  of  simpler  substances  by  the  decom- 
position of  more  complex  ones.  The  former  are  designated  the 
constructive  metabolism  or  more  shortly,  the  anabolism,  of  the  proto- 
plasm ;  the  latter  are  designated  the  destructive  metabolism,  or  the 
catabolittm,  of  the  protoplasm.  It  must  also  be  clearly  understood 
that  these  two  sets  of  processes  affect  not  only  the  state  of  the 
matter  or  substance  of  which  the  plant  consists,  but  also  the  state 
of  the  energy  in  the  plant :  for  the  anabolism  is  accompanied  by 
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a  conversion  of  kinetic  into  potential  or  latent  energy,  and  the 
catabolism,  by  a  conversion  of  potential  into  kinetic  energy. 

These  various  points  will  now  be  severally  considered. 

1.  Absobption.  The  main  idea  connected  with  this  function  is 
the  taking  np  of  water  and  other  substances  into  the  plant  from 
without ;  but  it  must  not  be  overlooked  that,  in  a  multicellular 
plant,  the  cells  absorb  from  each  other. 

In  any  case,  the  function  of  absorption  depends  upon  the 
physical  process  of  diffusion  through  membrane  of  substances  in 
solution,  or  osmosis.  For  instance,  supposing  two  adjacent  cells, 
one  of  which  has  its  cell-sap  charged  with  sugar,  whereas  that 
of  the  other  has  none;  the  sugar  will  diffuse  through  the  inter- 
vening eel  I- wall  until  the  sap  in  both  cells  holds  the  same  pro- 
portion in  solution.  This  being  the  mode  of  absorption,  it  is 
clear  that  the  substances  can  only  be  absorbed  in  the  fluid  form, 
either  as  liquids  or  gases. 

So  far  the  function  of  absorption  would  appear  to  be  a  simply 
physical  process.  It  must,  however,  be  borne,  in  mind  that  the 
cell-wall  is  lined  by  living  protoplasm,  which  modifies  the  purely 
physical  diffusion  through  the  cell- wall,  both  as  i-egards  the  nature 
and  relative  quantity  of  the  substances  which  pass  into  or  out  of 
the  cell ;  so  that  the  physical  laws  of  osmosis,  as  determined  by 
experiments  with  dead  membrane,  are  not  directly  applicable  to 
the  osmotic  phenomena  of  a  living  cell. 

There  is  one  manifestation  of  the  osmotic  properties  of  living 
plant-cells  which  is  of  such  fundamental  importance,  particularly 
in  connexion  with  movement,  that  it  requires  special  mention. 
It  is  this,  that  the  cells  tend  to  take  up  such  large  quantities  of 
water,  that  a  considerable  pressure  is  set  up  in  the  cell  between 
the  cell-sap,  on  the  one  hand,  and  the  elastic  cell- wall  on  the 
other.  This  state  of  tension  is  known  as  turgidity  or  turgescence, 
and  a  cell  in  this  state  is  said  to  be  turgut.  The  conditions  upon 
which  turgidity  depends  are  three :  first,  the  presence  of  osmoti- 
cally  active  substances  in  the  cell-sap  to  attract  water;  second, 
the  presence  of  a  layer  of  protoplasm  lining  the  cell- wall ;  third, 
the  presence  of  an  elastic  cell- wall.  With  regard  to  the  first  of 
these  conditions,  the  necessity  for  it  is  obvious.  It  appears  that  the 
osmotically  active  substances  in  question  are  especially  the  organic 
acids  or  acid  salts,  which  are  abundantly  produced  in  the  meta« 
holism  of  plants.  The  significance  of  the  second  condition  is, 
fhat    the  layer  of    protoplasm  prevents,  at  least  within   certain 
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limits,  the  escape  of  tbe  cell-sap  as  the  pressure  in  the  cell  in- 
creases, and  it  is  on  this  account  that  the  high  degree  of  turgidity 
of  plant-cells  is  attained.  Finally,  the  presence  of  an  elastic 
cell-wall  is  obvioasly  a  necessary  factor,  for  without  resistance 
there  can  be  no  pressure. 

It  commonly  happens,  as  will  be  subsequently  pointed  out  in 
many  instances,  that  an  escape  of  cell-sap  from  turgid  cells  may 
take  place  without  any  rupture  or  injury  of  the  cells ;  this  is 
termed  the  escape  of  cell-sap  hy  filtration  under  pressure. 

It  is  clear,  since  the  plant  can  only  absorb  dilute  solutions  of 
solids  dissolved  in  water,  that  a  much  larger  quantity  of  water 
than  is  necessary  for  the  immediate  wants  of  the  plant,  must  be 
absorbed ;  and  it  is  necessary  that  this  excess  of  water  should  be 
got  rid  of.  It  is  got  rid  of  mainly  in  the  form  of  watery  vapour 
which  is  exhaled  into  the  air.  This  exhalation  of  wat-ery  vapour 
is  not  simply  physical  evaporation,  but  is  a  vital  phenomenon 
controlled  by  the  living  protoplasm ;  it  is  termed  transpiration. 

2.  Metabolism.  This  term  refers  to  all  the  chemical  changes 
which  go  on  in  living  protoplasm  itself,  and  which  it  induces  in 
other  substances. 

a.  AnaboLism,  It  has  been  already  stated  that  the  metabolic 
processes  included  under  this  head,  are  those  in  which  complex 
substances  are  formed  from  simpler  ones.  The  most  complex 
substance  of  all  being  protoplasm,  it  may  be  stated  that  the  end  of 
the  anabolic  processes  is  the  construction  of  protoplasm. 

The  anabolic  process  which  is  most  fundamentally  important, 
and  which  is  most  characteristic  of  plants  as  opposed  to  animals, 
is  the  construction,  by  the  green  parts  of  plants  under  the  in- 
fluence of  light,  of  organic  substance  from  carbon  dioxide 
absorbed  from  the  air,  and  water  absorbed  from  the  soil.  This  is 
the  first  step  in  the  process  of  assimilation  as  carried  on  in 
plants  coutaining  chloi'ophyll. 

6.  Cataholism.  Under  this  head  are  incladed  the  dissociations 
which  the  molecules  of  protoplasm  undergo,  and  those  which  it 
induces  in  other  complex  substances,  either  directly,  or  by  moans 
of  certain  metabolic  sabstances  known  as  enzymes  or  unorganised 
ferments. 

In  most  cases  the  cataholism  of  the  plant  is  accompanied  by  a 
gaseous  interchange  between  the  plant  and  the  air,  of  this  nature 
that  the  plant  absorbs  oxygen  gas  and  gives  off  carbon  dioxide. 
This  gaseous  interchange  is  known  as  respiration. 
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The  Products  of  Metabolism  maj  be  classified  as  plastic  products 
and  waste-products :  the  former  are  sach  as  can  be  further  worked 
up  in  anabolism ;  the  latter  are  not  so  ased,  but  are  withdrawn 
from  the  sphere  of  the  metabolic  activity,  by  being  either  ex- 
creted, or  secreted  in  the  insolable  form  in  special  receptacles 
(see  pp.  137  fE).  Of  the  products  of  catabolism,  carbon  dioxide  is 
the  most  constant. 

3.  I RRiT ABILITY.  It  IS  in  virtue  of  the  irritability  of  its 
protoplasm  that  the  plant  is  in  relation  with  the  external  condi- 
tions under  which  it  is  living.  Any  sudden  change  in  the  ex- 
ternal conditions,  or  in  the  direction  or  intensity  of  the  forces 
acting  upon  the  plant,  evokes  some  more  or  less  evident  response ; 
that  is,  it  acts  as  a  titimulusy  inducing  a  more  or  less  sudden  evolu- 
tion of  kinetic  energy.  The  most  striking  response  to  the  action 
of  a  stimulus  is  the  performance  of  a  movement :  it  must  not, 
however,  be  inferred  that  because  stimulation  may  fail  to  produce 
a  responsive  movement  of  any  part,  the  protoplasm  of  that  part 
is  not  irritable ;  for  it  must  be  borne  in  mind  that  the  mechanical 
conditions  may  be  such  as  to  render  movement  impossible. 

That  it  is  essentially  the  protoplasm  which  is  the  seat  of 
irritability  is  shown  by  the  fact  that  naked  masses  of  protoplasm, 
such  as  zoospores  and  the  plasmodia  of  Myxomycetes,  are  highly 
irritable. 

4.  Automatism.  Movements  may,  however,  take  place  without 
the  action  of  a  stimulus,  such  movements  being  distinguished  as 
spontaneous  or  automatic.  They  are  to  be  ascribed  to  spontaneous 
evolutions  of  energy  in  the  plant,  which  may  be  sudden  or 
periodic. 

6.  Motility.  This  property,  by  means  of  which  the  move- 
ments, whether  spontaneous  or  induced  by  stimuli,  of  parts  of 
plants  are  performed,  resides,  like  the  irritability,  in  the  proto- 
plasm, as  is  clearly  shown  by  the  movements  of  naked  masses  of 
protoplasm. 

6.  Reproduction.  The  function  of  reproduction  consists  essenti- 
ally in  the  throwing  off  by  the  individual  of  portions  of  its 
protoplasm,  by  which  new  individuals  resembling  itself  are  pro- 
dnced.  The  reproductive  property  is  generally  widely  dis- 
tributed in  plants,  so  that  almost  any  part,  if  cut  off,  can  develope 
the  missing  members,  thus  completing  its  segmentation  and 
producing  a  new  individual.  In  most  cases,  however,  there  is 
provision  for  the  formation  of  special  reproductive  cells,  termed 
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generally  spores,  each  of  which  is  capable  of  developing  into  a  new 
organism  (see  pp.  3,   67). 

§  3.  The  External  Conditions.  The  functions  of  the  plant 
can  only  be  carried  on  nnder  a  certain  coincidence  of  favourable 
external  conditions.  Thus,  an  ordinary  green  plant  will  only 
flourish  when  the  conditions  are  such  that  it  is  supplied  with 
appropriate  food,  with  water,  and  with  oxygen  for  its  respiration, 
and  is  exposed  to  a  suitable  temperature  and  to  sufficiently  in- 
tense light. 

The  importance  of  a  supply  of  food  and  of  water  is  sufficiently 
obvious  to  need  no  further  explanation  here.  The  importance  of 
a  supply  of  oxygen  is  that  without  it  the  normal  catabolic  pro- 
cesses which  are  attended  by  an  evolution  of  kinetic  energy  in 
the  plant  would  either  cease,  or  be  so  far  suppressed  that  the  plant 
would  no  longer  manifest  its  vital  phenomena ;  for  instance,  it 
would  cease  to  grow,  and  would  eventually  die.  But  it  must  not 
be  assumed  that  these  catabolic  processes  are  the  ultimate  source 
of  energy  in  the  plant :  on  the  contrary,  the  enei*gy  evolved  in 
the  decomposition  of  a  substance  only  represents  a  part  or  the 
whole,  according  to  the  degree  to  which  decomposition  proceeds, 
of  the  enei^y  expended  in  producing  the  substance.  And  here  it 
is  that  the  importance  of  heat  and  light  to  the  plant  becomes 
apparent;  for  the  heat  and  light  of  the  sun  are  the  ultimate 
sources  from  which  the  plant  obtains  the  energy  necessary  for  the 
maintenance  of  its  life.  Heat  is  an  essential  condition  to  the  per- 
formance of  all  the  vital  functions  of  the  plant :  and  light  is  an 
essential  factor  in  that  most  fundamental  of  all  the  nutritive 
processes  of  the  green  plant,  the  assimilation  of  carbon  dioxide. 

Inasmuch  as  the  influence  of  heat  and  light  is  so  comprehen- 
sive, it  may  be  generally  considered  now,  the  detailed  considera- 
tion of  these  and  other  external  conditions  being  relegated  to  the 
discussion  of  the  functions  which  they  especially  sifFect. 

Heat.  Every  function  of  the  plant  can  only  take  place  within 
certain  limits  of  temperature :  that  is,  between  a  certain  minimum 
and  a  certain  maximum  degree.  Between  these  limits  there  is  for 
each  function  a  degree  of  temperature,  the  optimum,  at  which  that 
function  is  carried  on  with  the  greateat  activity ;  any  fall  of 
temperature  from  this  optimum,  or  any  rise  above  it,  leads  to  a 
diminished  activity  of  the  function.  These  general  laws  have  been 
arrived  at  by  observation  of  such  processes  as  movement,  absorp- 
tion by  the  roots,  assimilation,  etc. 

V.  s.  B.  XX 
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It  may  be  stated  generally  that  all  tlie  functions  of  plants 
inhabiting  temperate  climates  begin  to  be  carried  on  at  a  tempera- 
ture a  few  degrees  above  the  freezing-point ;  as  the  temperature 
rises  to  25°-30°  C.  the  activity  of  the  functions  is  increased  and 
the  optimum  attained;  with  a  further  rise  the  activity  of  the 
functions  is  diminished,  and  at  45°-50°  C.  they  commonly  cease 
altogether.  In  the  case  of  plants  which  naturally  grow  in  warmer 
climates,  the  mini  mum -temperature  is  somewhat  higher  than  that 
stated  above.  Thus  a  pumpkin-seed  will  not  germinate  at  a 
temperature  below  13°  C. 

The  power  of  withstanding  the  injurious  effect  of  exposure  to  too 
high  a  temperature  depends  mainly  upon  the  proportion  of  water 
which  the  plant,  or  any  particular  part  of  it,  contains.  Thus,  dry 
peas  can  withstand  exposure  for  an  hour  to  any  temperature  up  to 
70°  C,  whereas,  when  they  have  been  soaked  in  water,  exposure 
to  a  temperature  of  54°  C.  proves  fatal.  Most  parts  of  plants  are 
killed  by  prolonged  exposure  to  a  temperature,  in  air,  of  about 
50°  C,  and  in  water,  of  about  45°  C. 

Injury  or  death  by  exposure  to  cold,  is  only  induced  when  the 
temperature  falls — ^in  some  cases  many  degrees — below  freezing- 
point.  Some  plants — just  those,  namely,  such  as  Lichens,  and 
some  Fungi  and  Mosses,  which  can  undergo  desiccation  without 

injury — are  not  killed  by  exposure 
to  low  temperature.  Here,  also,  the 
liability  to  injury  depends  upon  the 
amount  of  water  contained  in  the 
tissue.  Thus,  dry  seeds  and  the 
winter-buds  of  trees  can  readily 
withstand  low  temperatures ;  bat 
when  they  contain  a  considerable 
quantity  of  water,  as  when  the  seeds 
are  germinating  or  the  buds  unfold- 
ing, they  are  very  susceptible  to 
injury.  When  a  part  of  a  plant, 
which  contains  a  large  proportion 
of  water,  is  exposed  to  a  low  tem- 
perature, a  portion  of  the  water 
contained  in  the  cells  escapes  from 
them  and  becomes  frozen  on  their 
surface,  the  whole  tissue  at  the  same  time  contracting ;  the  water 
does  not  freeze  in  the  interior  of  the  colls.     The  water  which  has 


Fio.  467.— Transverse  section  of  A 
flrosen  leaf-stalk  of  Cynara  Scolymtu : 
§  the  detached  epidermis ;  g  the  paren- 
chyma in  which  lie  the  transverse 
sections  of  the  vascular  bundles  (left 
white) ;  K  K  the  incrustation  of  ice 
consisting  of  densely-crowded  prisms 
(the  cavities  of  the  ruptured  tiisae 
are  left  black  in  the  figure). 
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thus  escaped  and  frozen  forms  an  incrastation  (Fig.  467),  con- 
sisting of  a  number  of  elongated  ice-crystals  arranged  side  by 
side.  This  ice  is  very  pure,  for  the  substances  in  solution  in  the 
cell-sap  remain  behind  in  a  more  concent-rated  form. 

It  has  been  ascertained  that  this  formation  of  ice  is,  in  itself, 
not  necessarily  fatal  in  all  cases.  If  the  frozen  part  be  slowly 
thawed,  the  cells  may  gradually  reabsorb  the  water,  and  so  return 
to  their  previous  normal  condition.  If,  however,  the  frozen  part 
be  rapidly  thawed,  the  cells  cannot  absorb  the  water  sufficiently 
rapidly;  it  therefore  either  collects  in  the  intercellalar  spaces, 
causing  discolouration  and  decay,  or  it  runs  off  and  evaporates,  so 
that  the  part  dries  up.  In  many  cases,  however,  slow  thawing 
does  not  ensure  immunity ;  for  instance,  the  leaves  of  the  Pump- 
kin or  the  Dahlia :  it  appears  that,  in  such  cases,  the  escape  of 
water  from  the  cell,  which  takes  place  at  the  time  of  freezing, 
causes  fatal  disorganisation  of  the  cells.  Again,  in  the  case  of 
long-continued  cold,  the  ice  formed  oatside  the  cells  may  be 
gradually  removed  by  evaporation,  so  that  on  thawing,  the  water 
necessary  to  restore  the  normal  condition  of  the  cells  is  not  forth- 
coming. 

The  effect  on  the  trunks  of  trees  of  exposure  to  cold  is  to* cause 
radial  splits,  which  close  up  again  as  the  temperatare  rises,  but 
which  actually  heal  only  in  the  cortex.  The  splitting  is  due  to 
the  unequal  contraction  of  the  wood,  which  is  greater  in  the 
external  more  watery  portion,  than  in  the  interior. 

Light.  The  influence  of  light  may  be  considered  under  two 
beads :  (I)  the  chemical  effects,  produced  for  the  most  part  by  the 
less  refrangible  rays  of  the  spectrum ;  (2)  the  mechatiical  effects, 
produced  mainly  by  the  highly  refrangible  rays. 

The  most  conspicuous  chemical  effects  are  manifested  in  plants 
which  normally  contain  chlorophyll.     They  are  : — 

a.  The^  formation  of  chlorophyll :  in  Phanerogams  the  colouring* 
matter  of  the  chloroplastids  cannot  acquire  its  green  hue  (except  in 
the  seedlings  of  Conifers  and  some  other  plants),  but  remains 
yellow  (etiolin),  unless  exposed  to  light  of  not  too  great  intensity. 
This  effect  is  not  confined  to  the  rays  of  low  refrangibility,  but 
is  produced  (with  equal  intensity  of  light)  also  by  those  of  high 
refrangibility.  The  formation  of  chlorophyll  is  also  dependent  on 
temperature,  and  will  not  take  place  if  it  be  too  low ;  hence  the 
shoots  of  plants  developed  in  the  early  spring  remain  yellow  if 
the  weather  is  cold. 
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h.  The  assimilation  of  carbon  dioxide  by  the  chloroplastids  will 
only  take  place  in  the  presence  of  light  of  considerable  intensity; 
it  is  especially  a  function  of  the  rays  of  low  refrangibility,  as  will 
be  subseqaently  explained.  This  is  also  trae  of  the  first  steps  in 
the  assimilation  of  mineral  nitrogenous  food  (nitrates). 

The  must  conspicuous  mechanical  effects,  exhibited  by  plants  of 
all  kinds  are  : — 

a.  The  par  atonic  effect.  All  parts  of  plants  grow  more  rapidly 
in  feeble  than  in  strong  light,  as  is  shown  by  the  excessive  length 
attained  by  the  shoots  of  plants  grown  in  the  dark ;  hence,  light 
exercises  a  retarding  influence  on  the  rate  of  growth ;  it  likewise 
inhibits  the  spontaneous  movements  of  motile  leaves. 

b.  The  phototonic  effect,  Dorsi ventral  leaves,  when  growing, 
generally  cease  to  grow,  and  when  motile,  lose  the  power  of  move- 
ment, if  long  kept  in  darkness ;  but  they  soon  regain  the  power 
of  movement  on  being  again  exposed  to  light;  this  condition  of 
motility  induced  by  light  is  known  2iA  phototonus, 

c.  The  directive  effect.  The  direction  of  the  incident  rays  of 
light  affects  the  position  of  growing  and  other  motile  members : 
these  phenomena  are  designated  by  the  general  term  heliotropism. 

The  various  influences  of  light  are  well  illustrated  by  plants 
grown  in  darkness,  or  etiolated  plants.  For  instance,  an  etiolated 
potato*shoot  has  a  stem  with  excessively  long  internodes,  a  result 
of  the  absence  of  the  paratonic  effect  of  light ;  very  small  leaves, 
in  consequence  of  the  absence  of  the  phototonic  effect ;  no  chloro- 
phyll, in  consequence  of  the  absence  of  the  chemical  action  of 
light  Etiolation  can,  however,  be  induced,  not  only  in  plants 
which  normally  possess  chlorophyll,  but  in  others  as  well ;  for 
instance.  Fungi  grown  in  darkness  exhibit  the  characteristic 
excessive  elongation.  Again,  plants  grown  in  light  of  low  re- 
frangibility (yellow  or  red)  show  the  elongation  characteristic  of 
etiolation  ;  chlorophyll  is  formed,  and  the  leaves  are  fairly  well 
developed,  but  there  is  no  heliotropic  curvature :  grown  in  light 
of  high  refrangibility  (blue),  the  stem  is  stunted  and  the  leaves 
very  small,  though  chlorophyll  is  developed,  and  heliotropic 
curvature  is  well  marked ;  they  soon  die. 

§  4.  The  Functions  of  the  Tissues.  In  dealing  with  this 
subject,  it  is  important  to  distinguish  between  the  vital  and  the 
physical  functions  ;  to  distinguish,  that  is,  the  functions  which 
depend  upon  the  activity  of  the  living  protoplasm,  from  those 
which  depend  upon  some  chemical  or  mechanical  property  of  the 
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cell-sap,  or  of  the  cell-wall,  of  the  constitaent  cells.  The  follow- 
ing remarks  apply  especially  to  the  terrestrial  higher  plants. 

a.  The  Tegumentary  Tissue  (pp.  132,  153,  208),  whether  pri- 
mary (epidermis)  or  secondary  (periderm),  has  as  its  primary 
function  the  mechanical  protection  of  the  underlying  tissues  :  but 
it  has  the  further  functions  of  absorption  and  of  preventing 
excessive  transpiration. 

The  absorptive  function  is  confined  to  the  primai^  tegumentary 
tissue  :  it  is  by  means  of  this  tissue  that  absorption  is  carried 
on  by  subterranean  roots,  either  with  or  without  root-hairs  (see 
pp.  154,  159),  as  also  by  the  general  surface  of  submerged  parts 
of  aquatic  plants  (p.  157). 

The  prevention  of  excessive  transpiration  is  effected  by  the 
more  or  less  well-marked  cnticularisation  of  the  walls  of  the 
epidermal  and  peridermal  cells  of  sub-aerial  parts.  Since  these 
walls,  though  mora  or  less  pervious  to  gases,  are  almost  or 
altogether  impervious  to  watery  vapour,  the  watery  vapour 
evolved  in  the  interior  of  the  plant  has  to  escape  through  special 
apertures,  namely  the  stomata  and  the  lenticels :  and  the  tran- 
spiration is  further  regulated  (see  p.  156)  by  the  opening  and 
closing  of  the  stomata.  The  importance  of  the  tegumentary  tissue 
in  preventing  desiccation  is  directly  established  by  the  fact  that 
parts  of  plants  deprived  of  their  tegumentary  tissue  quickly  dry 
up  :  and  indirectly,  by  the  relation  between  the  degree  of  develop- 
ment of  this  tissue  and  the  conditions  of  life  of  the  plant.  Thus, 
this  tissue  is  highly  developed  in  plants  which  grow  in  dry 
situations,  whereas  in  the  submerged  parts  of  aquatic  plants  it  is 
imperfectly  differentiated,  and  there  are  usually  no  stomata  or 
lenticels  :  hence,  the  more  the  conditions  of  life  tend  to  promote 
transpiration,  the  more  highly-developed  is  the  t-egumentary  tissue. 

The  epidermis  of  sub-aerial  parts  also  produces  hairs  of  various 
kinds.  The  function  of  these  is  often  secretory,  indicating  the 
importance  of  the  epidermis  as  a  glandular  tissue  (see  p.  142). 
But,  more  commonly,  they  are  purely  protective,  serving  to 
diminish  transpiration  and  radiation,  and  to  screen  the  chlorophyll 
from  too  intense  light.  A  clothing  of  hairs  is  characteristic  of 
xerophilous  plants ;  plants,  that  is,  which  habitually  grow  in  dry 
soil  and  sunny  situations. 

The  primary  tegumentary  tissue  is  also  of  importance  in  con- 
nection with  reproduction,  as  it  sometimes  gives  rise  to  repro- 
ductive organs  (e.g.  sporangia  of  Leptosporangiate  FilicinaB). 
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6.  The  Parenchymatouft  Tissue  (see  p.  131),  conRisting  afl  it 
typically  does  of  cells  which  contain  living  protoplasm,  is  the 
seat,  not  only  of  the  metabolic  processes,  but  also  of  the  movements 
and  irritability  of  plants. 

Different  natiitive  functions  are  discharged  by  various  regions 
of  this  tissue.  For  instance,  the  parenchymatous  tissue  of  sub- 
aerial  parts,  lying  near  the  surface  and  exposed  to  light,  contains 
chlorophyll,  apd  carries  on  the  assimilation  of  carbon  :  this  applies 
especially  to  the  leaves.  Again,  the  cells  of  this  tissue  are 
frequently  glandular  (see  p.  137),  containing  or  excreting  various 
waste-products :  or  they  serve  as  depositories  of  reserve  plastic 
substances  (e.g.  starch,  etc.),  or  as  conducting- tissue  for  organic 
substances. 

It  may  also  be  pointed  oat  that  this  tissue  is  connected  with 
the  reproductive  processes  in  that  the  reproductive  organs  {e.g. 
hypodermal  archesporium  of  most  plants)  are  developed  from  it 
in  part. 

Further,  the  cells  of  this  tissue,  having  usually  extensible 
walls,  are  capable  of  being  turgid  and  of  varying  in  bulk :  hence 
they  are  the  seat  of  the  movements  of  those  members,  or  parts  of 
them,  in  which  movement  is  a  mechanical  possibility ;  and  when 
turgid,  they  give  a  considerable  degree  of  rigidity  to  the  member 
of  which  they  form  pai-t. 

The  intei^cellular  spaces  of  this  tissue,  which  are  especially 
large  in  submerged  parts  of  aquatic  plants,  are  of  great  im- 
portance in  connexion  with  transpiration  and  the  distnbution  of 
gases  in  the  plant :  they  communicate  with  the  exterior  by  means 
of  the  stomata  and  the  lenticels. 

c.  The  Sclerenchymaious  Tissue  (see  p.  132),  more  especially  the 
prosenchymatous  or  fibrous  form  of  it,  has  the  purely  mechanical 
function  of  giving  firmness  to  the  members  in  which  it  is  pi'esent. 
Whilst  it  is  true  that  a  considerable  degree  of  rigidity  is  afforded 
by  turgid  parenchymatous  tissue,  and  that  many  members  con- 
taining little  or  no  sclerenchymatous  tissue  can  grow  erect  {e.g. 
gonidiophores  of  moulds,  and  succulent  stems  of  herbaceous 
annuals),  yet  this  source  of  rigidity  is  precarious,  as  it  is  so  largely 
dependent  upon  external  conditions,  and  is  therefore  insufficient 
in  the  case  of  perennial  plants.  In  these  plants  rigid  tissue 
(stereom ;  see  p.  133)  is  developed,  and  it  is  distributed  in  the 
body  in  just  such  a  manner  as  most  adequately  meets  the 
mechanical  requirements  in  each  particular  case  (p.  170).    Stereom 
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is  most  perfectly  developed  in  the  stems  of  land-plants  which 
grow  erect  and  have  to  support  the  weight  of  many  leaves  and 
branches:  whereas  in  water-plants  the  development  of  stereom 
is  rudimentary,  for  their  stems,  being  supported  by  the  water,  do 
not  need  to  be  highly  rigid. 

When  it  is  developed  in  the  walls  of  fruits  or  in  the  seed- 
coats,  the  sclei^nchymatous  tissue  serves  to  protect  the  seed  from 
being  eaten  or  digested  by  animals. 

d.  The  Tracheal  Tisstie  of  the  Xylem  (see  p.  133).  It  is  clear 
that  when  a  plant-body  is  massive,  partly  subterranean  and  partly 
subaerial,  there  must  be  some  means  for  readily  distributing  the 
water  and  other  substances  absorbed  by  the  root.  This  dis- 
tribution may  take  place  by  diffusion  from  cell  to  cell ;  and,  as  a 
matter  of  fact,  this  mode  of  distribution  suffices  in  some  plants  in 
which  the  seat  of  absorption  is  not  fai*  from  that  of  consumption 
(e,g.  larger  Fungi  and  AlgaB).  But  when  these  points  are  widely 
separated,  special  conducting-tissue,  in  the  form  of  the  tracheal 
tissue  of  the  xylem,  is  differentiated.  * 

The  function  of  this  tracheal  tissue  is  demonstrated  by  the 
following  experiment.  If  a  cut  be  made  all  round  the  stem  of  a 
dicotyledonous  tree,  to  such  a  depth  as  to  penetrate  far  into  the 
xylem,  the  effect  is  that  the  leaves,  borne  on  the  stem  and  its 
branches  above  the  incision,  will  soon  droop  and  wither.  This  is 
due  to  loss  of  water,  in  consequence  of  which  the  cells  of  the 
leaves  lose  their  turgidity,  and  the  leaf -blades  and  petioles  are  no 
longer  sufficiently  rigid  to  maintain  their  position  of  expansion. 
The  loss  of  water  is  the  result  of  the  continuance  of  transpiration 
in  the  absence  of  a  supply  of  water  to  meet  it.  The  incision 
which  has  destroyed  the  continuity  of  the  wood  has  also  cut  off 
the  supply  of  water  from  the  root.  The  relation  between  the 
development  of  the  xylem  and  the  activity  of  transpiration  is  well 
illustrated  by  the  comparison  of  the  vascular  bundles  of  a  land- 
plant  with  those  of  an  allied  submerged  aquatic  species.  The 
former  transpires  actively  and  has  well- developed  xylem  :  the 
latter  does  not  transpire  at  all,  and  has  quite  rudimentary  xylem. 

Conduction  takes  place  in  dicotyledonous  tree-trunks  only 
through  so  much  of  the  peripheral  portion  of  the  wood  as  includes 
living  parenchymatous  cells.  The  thickness  of  this  conducting 
region  varies  widely;  it  is  relatively  small  where  the  wood  is 
sharply  differentiated  into  alburnum  and  duramen  (see  p.  199), 
and   in  such   trees  (e.g.  Oak)    section   of  the  alburnum  is  soon 
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followed  by  the  withering  of  the  leaves  above  the  wound ;  it  is 
more  considerable  in  trees  like  the  Beech,  in  which  the  transition 
from  albarnnm  to  dnramen  is  gradual ;  and  it  is  most  extensive  in 
those,  snch  as  Birch  and  Maple,  in  which  there  is  no  differentiation 
of  albnmnm  and  dnramen.  The  dead  portion  of  the  wood  does 
not  conduct,  but  at  most  only  serves  as  a  reservoir  of  water. 

The  tracheal  tissue  of  the  zylem  discharges  a  purely  mechanical 
function  in  connexion  with  the  conduction  of  water;  it  is  in* 
capable  of  any  vital  action  inasmuch  as  it  contains  no  protoplasm. 

A  fundamental  anatomical  fact  connected  with  the  conduction 
of  liquids  by  the  wood  is  that  the  functional  tracheal  tissue  is 
destitute  of  intercellular  spaces,  and  is,  in  fact,  shut  ofE  from  all 
communication  with  the  external  air.  This  occlusion  is  ensured, 
generally  speaking,  by  the  endodermis  (p.  165);  but  in  stems 
and  roots  which  have  grown  in  thickness,  and  in  which  the 
endodermis  has  been  disorganised  or  thrown  off,  the  compact 
bast- tissue  replaces  it  functionally. 

The  liquid  conducted  from  the  roots  to  the  leaves  by  the 
tracheal  tissue  is  not  pure  water,  but  holds  in  solution  substances 
absorbed  by  the  roots  from  the  soil ;  hence  this  tissue  plays  an 
important  part  in  the  distiibution  of  food-materials  in  the  plant. 

e.  The  Sieve-Tissue  (see  p.  135).  The  function  of  the  sieve- 
tubes  or  phloem- vessels  is  to  convey  proteids  from  the  organs  in 
which  these  substances  are  deposited  or  are  being  formed,  to  other 
parts  in  which  they  are  either  being  consumed  or  deposited  as 
reserve  plastic  material.  This  is  demonstrated  by  the  following 
experiment : — ^If  a  ring  of  tissue,  extending  inwards  as  far  as  the 
cambium,  be  removed  from  the  trank  of  a  young  dicotyledonous 
tree,  the  sieve-tubes  will  all  be  cut  through,  and  their  continuity 
interrupted.  The  effect  of  this  upon  the  tree  is  that  the  portion 
of  the  trunk  below  the  wound,  and  the  roots,  cease  to  grow  and 
slowly  die,  whereas  the  trunk  and  branches  above  the  wound 
remain  healthy  and  continue  to  grow  until  the  roots  are  no  longer 
able  to  absorb  water,  etc.,  from  the  soil  with  sufficient  activity. 
Inasmuch  as  the  cortical  tissue,  through  which  the  sugar  travels, 
is  necessarily  also  cut  through,  the  operation  deprives  the  lowei 
parts  of  the  body  of  the  whole  of  their  supply  of  organic  plastic 
material  from  the  leaves,  but  does  not  interfere  with  the  conduc- 
tion of  water  from  the  roots  to  the  leaves. 

The  sieve-tubes  differ  from  the  vessels  of  the  xylem  in  that 
they   contain    living    protoplasm ;    their   function    is    therefore 
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probably  not  pnrely  mechanical,  bat  it  is  vital,  though  the 
relation  of  the  protoplasm  to  the  condaction  of  proteids  in  the 
sieve- tnbes  is  not  clear. 

The  companion-cells,  and  in  their  .absence  the  cells  of  the  bast- 
parenchjma  (p.  180),  which  abut  on  the  sieve-tubes,  apparently 
serve  in  the  leaves  as  the  means  by  which  the  nitrogenous 
products  of  anabolism  are  brought  to  the  sieve-tubes,  and  in  other 
parts  as  the  means  by  which  the  proteids  of  the  sieve-tubes  are 
distributed  to  the  adjacent  tissues;  there  is  some  evidence  to 
show  that  these  cells  themselves  actually  carry  on  the  formation 
of  the  proteids  which  form  the  characteristic  contents  of  the  sieve- 
tubes. 

In  certain  oases  (e.g.  Mimosa  pudica)  some  of  the  parenchymatous  cells  of  the 
bast  are  specially  modified  apparently  for  the  condactioa  of  stimuli. 

/.  The  Glandular  Tissue,  The  essential  function  of  the  glandular 
tissue  is  to  secrete,  and  the  secrets  are  either  plastic  substances 
or  waste- prod  nets. 

It  may  be  stated  generally  that  the  excretion  of  plastic  sub- 
stances on  the  Rurfa<;e  of  plants  has  special  reference  to  their 
relation  with  insects.  Thus,  the  excretion  of  sugar  by  floral 
nectaries  is  to  attract  insects  to  visit  the  flowers,  and  thus  to 
ensure  the  advantages  of  cross-pollination  at  a  certain,  though 
relatively  inconsiderable,  cost.  The  excretion  of  sugar  by  extra- 
floral  nectaries  (p.  138)  is  an  expense  incurred  by  the  plant  with 
the  object  of  attracting  to  it  insects  of  a  kind  which  will  keep 
ofF  noxious  insects  or  other  animals ;  these  organs  are  especially 
characteristic  of  Tnyrmecofthiloua  (ant-loving)  plants,  which  by  this 
means  provide  themselves  with  a  police  of  ants  to  keep  oft  either 
other  injurious  (e.g,  leaf-cutting)  species  of  ants,  or  insects  of 
other  kinds  (e.g.  boring  bees,  etc.),  or  even  herbivorous  mammals. 
Perhaps  the  most  remarkable  instances  of  this  kind  is  the  pi'o- 
duction  of  small,  solid,  cellular  "  food-bodies  "  on  the  tips  of  the 
leaf -pinnules  of  a  myrmecophilous  species  of  Acacia  {A.  sphcui-o* 
cephnla). 

The  secretion  of  waste-products  has,  as  its  immediate  object, 
the  removal  of  these  substances  from  the  sphere  of  metabolism  ; 
but  their  deposit  at  or  near  the  surface  serves  the  purpose  of 
protection  in  various  ways.  For  instance,  the  secretion  of  wax  on 
the  surface  is  an  obvious  protection  against  wet.  Similarly  there 
pan  be  little  doubt  that  when  the  system  of  resin-ducts,  in  plants 
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which  contain  them  (e.g,  most  Conifers,  etc.),  is  opened  by  a 
wound,  the  resin  serves  to  protect  the  raw  surface  both  mechani- 
cally and  antiseptically ;  and  this  doubtless  also  applies  to  the 
latex  present  in  many  plants.  Further,  these  waste- products,  by 
their  bitter,  acrid,  or  astringent  taste,  by  their  frequently  poisonous 
properties  {e.g,  alkaloids),  or  by  their  hardness,  serve  to  protect 
the  plants  from  being  eaten  by  animals ;  for  instance,  the  pre- 
sence of  raphides,  or  of  strongly  acid  sap,  in  the  cells  of  leaves, 
etc,  has  been  proved  to  protect  them  against  the  attacks  of  snails. 
The  secretion  of  mucilage  by  the  glandular  hairs  (colleters)  often 
developed  near  the  growing-points  of  stems  and  leaves,  serves  to 
keep  the  young  tissues  moist. 

The  special  functional  importance  of  the  laticiferous  tissue  is 
not  fully  understood.  There  is  no  doubt  that  it  is,  in  the  first 
place,  a  reservoir  of  waste-products,  since  the  latex  generally 
consists  largely  of  such  substances  (e,g.  caoutchouc,  as  in  Siphonia 
elastica  ;  alkaloids,  as  in  the  opium  of  the  Poppy,  etc.).  But  the 
latex  has  also  been  found  to  contain  plastic  substances,  sucb  as 
proteids  and  carbohydrates,  and  in  one  case  (the  Papaw,  see  p.  627) 
a  proteolytic  ferment,  and  it  has  hence  been  inferred  that  this 
tissue  may  serve  to  conduct  plastic  substances  throughout  the 
plant ;  but  this  inference  has  not  been  satisfactorily  established. 

§  5.  The  Functions  of  the  Members.  It  has  been  pointed 
out  (p.  6)  that,  in  its  highest  development,  the  plant-body  consists 
of  the  following  members :  root,  stem,  leaf.  These  members  will 
now  be  considered  from  the  physiological  point  of  view. 

a.  The  Root.  The  most  general  of  the  functions  of  the  root  is 
that  it  absorbs  the  solid  food  of  the  plant  in  solution  from  the 
substratum,  whatever  it  may  be,  on  which  the  plant  is  growing; 
and  that,  at  the  same  time,  it  acts  as  an  organ  of  attachment :  in 
submerged  plants  the  latter  is  its  main  use. 

In  some  few  eases  the  plant  is  rootless  (p.  63) :  under  these  oireamstances 
other  members  become  modified  to  perform  the  absorbent  function  of  the  root ; 
in  Salvinia,  the  aquatic  leaves ;  in  Psilotum,  the  subterranean  shoots.  In  the 
"carnivorous"  plants  (e.g,  Drosera,  Dionasa,  Nepenthe>),  though  they  possess 
roots,  the  leaves  are  adapted  for  the  absorption  of  organic  food  in  solution. 

In  a  typical  land- pi  ant  the  development  of  the  root-system  is 
such  as  to  ensure  an  adequate  supply  of  food  from  the  soil,  and  a 
supply  of  water  sufficient  to  maintain  the  general  turgidity  of  the 
plant  in  spite  of  continued  loss  of  water  by  transpiration. 

The  root  of  such  a  plant  is  adapted  for  the  performance  of  its 


CHAPTER   I. — OENEEAIi    PHYSIOLOGY. 


681 


fnnctions  both  in  its  structure  and  in  its  properties.  The  most 
striking  structural  adaptation  is  that  the  walls  of  the  superficial 
cells  of  the  younger  parts  are  not  cuticularised,  but  remain  per- 
vious to  water.  Generally  speaking,  the  absorbent  area  of  the 
root  is  increased  by  branching ;  and,  in  many  cases,  also  by  the 
growing-out  of  the  superficial  cells  of  this  region  into  root-hairs 
(see  p.  159).  It  appears  that  the  development  of  root-hairs  is  de- 
termined by  the  difficulty  of  obtaining  water,  on  the  one  hand, 
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Pio.  488.— il  Root-hairs  (h)  on  the  primary  root  (tc)  of  a  seedling,  grown  in  water  of 
Buckwheat  (Polygonum  f a gop!, rum);  hchypocotyl;  c  cotyledons.  B  (after  Sach»)  Ends  of 
root-hairs  showing  their  intimate  connexion  with  particles  of  soil  which  adhere  to  the 
mucilaginooa  external  layer  of  the  cell-walls. 

and  by  the  relative  activity  of  transpiration  on  the  other:  thus 
root-hairs  are  usually  not  developed  by  aquatic  plants,  the  roots  of 
which,  at  least,  are  habitually  immersed  in  water;  nor  by  plants 
in  which  the  transpiring  surface  is  relatively  small  in  proportion 
to  the  root-system  (e.g.  small-leaved  Conifers ;  saprophytes,  such 
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as  MoDotropa  and  Neottia).  The  root-hairs  not  only  promote  the 
absorption  of  water,  but  also  the  absorption  of  salts  from  the  soil, 
coming,  as  they  do,  into  very  intimate  relation  with  the  minute 
particles  of  the  soil.  They  thus  give  the  root  a  6rmer  hold  on  the 
soil,  and  render  it  more  serviceable  as  an  organ  of  attachment. 

Roots  are  capable  of  absorbing  certain  substances  in  the  soil 
which  are  insoluble  in  water,  or  even  in  water  holding  carbon 
dioxide  in  solution.  This  is  due  to  the  fact  that  the  absorbent  cells 
(including  root- hairs)  contain  acid  sap,  which  saturates  the  walls, 
and  can  thus  act  upon  substances  with  which  the  cells  may  be  in 
contact. 

The  tegumentary  tissue  of  aerial  roots  is  specially  modified  in 
accordance  with  their  external  conditions.  They  have  no  root- 
hairs  (except  when  they  come  into  contact  with  a  moist  surface), 
bat  they  have  a  more  or  less  well-developed  velamen  (see  p.  155)f 
which  serves  as  a  means  of  absorbing  water- vapour  and  gases  from 
the  air.  Sometimes  these  roots  contain  chlorophyll,  and  act  as 
assimilatory  organs  :  this  is  also  the  case  to  a  remarkable  degree 
with  the  roots  of  the  (aquatic)  PodostemacesB  (see  p.  63). 

The  primary  internal  structure  of  the  root  is  remarkably  con- 
stant through  all  the  various  groups  of  plants.  It  is  always  mono- 
stelic  with  the  vascular  bundles  compacted  into  an  axial  cylinder 
(p.  171):  between  the  axial  cylinder  and  the  epiblema  is  a  con- 
siderable parenchymatous  cortex,  the  cells  of  which  take  up  from 
the  absorbent  cells  the  water  and  substances  absorbed,  and  transfer 
them  to  the  tracheal  tissue  of  the  bundles  for  conduction  to  the 
upper  parts  of  the  plant. 

The  growing- point  is  usually  provided  with  a  root-cap  (pp.  61, 
154)  to  protect  it  as  it  makes  its  way  through  the  soil. 

In  many  cases  the  root  becomes  adapted  to  serve  as  a  depository 
of  reserve  plastic  materials :  such  are  the  tuberous  roots  (p.  63)  of 
various  plants,  in  which  secondary  growth  in  thickness  (see  p  195) 
produces  a  large  amount  of  parenchymatous  tissue,  in  the  cells  of 
which  the  plastic  substances  (starch,  etc.)  are  deposited. 

The  physiological  adaptation  of  the  root  is  even  more  remark- 
able in  its  properties  than  in  its  structure,  as  is  shown  by  its 
irritability  to  the  action  of  various  stimuli.  Thus  the  action  of 
the  force  of  gravity  causes  roots  (at  least  primary  roots)  to  grow 
towards  the  centre  of  the  earth  (positive  geotropism)  :  the  action  of 
light,  as  a  rule,  causes  the  growing  root  to  curve  away  frOm  the 
source  of  light  {negative  heliotropism)  :  a  moist  body  causes  the 
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root  to  ctfrve  towards  it  (poHxtive  hydrotropism)  :  contact  with  hard 
sabstauces  produces  curvatures  bj  which  the  direction  of  growth 
of  the  root  is  altered. 

These  variods  kinds  of  irritability  are  of  great  importance  in. 
ensuring  the  dae  performance  of  its  functions  by  the  subterranean 
root.  Positive  geotropism  causes  it  to  penetrate  into  the  soil,  and 
this  is  also  promoted  by  negative  heliotropism :  positive  hydro- 
tropism causes  it  to  grow  towards  the  moister  parts  of  the  soil, 
and  thus  tends  to  ensui*e  an  adequate  supply  of  water.  Its  sen- 
sitiveness to  contact  enables  the  root  to  get  round  obstacles  which 
it  may  meet  with  in  the  soil.  Similar  phenomena  of  irritability 
are  exhibited  by  aerial  roots,  but  with  varioas  modifications  in 
accordance  with  the  widely  different  conditions. 

6.  The  Stem.  The  function  of  the  stem  is  essentially  this :  to 
bear  the  foliage- leaves  and  the  reproductive  organs,  and  to  bear 
them  in  such  a  way  that  they  shall  occupy  the  most  favourable  posi- 
tion for  the  performance  of  their  respective  functions.  Further,  it 
is  the  means  of  comma nication  between  the  roots  and  the  leaves. 
Occasionally  it  is  specially  modified  to  subserve  other  functions. 

It  has  been  already  pointed  out  that  the  form  of  the  stem  varies 
widely  in  plants,  and  the  most  characteristic  forms  have  been 
described  (pp.  40,  44).  The  general  physiological  meaning  of  this 
variety  of  form  is  that  different  plants  attain  the  most  fayourable 
position  of  their  foliage-leayes  and  reproductive  organs  in  differ- 
ent ways  which  depend  upon  the  pai*ticular  combination  of  ex- 
ternal conditions  under  which  they  severally  have  existed. 

The  internal  structure  of  the  stem  varies  to  some  extent  with 
its  general  habit,  and  mainly  in  the  arrangement  and  relative 
degree  of  development  of  the  sclerenchyma ;  thus,  the  scleren- 
chyma  is  moi*e  lai*gely  developed  in  an  erect  than  in  a  trailing 
perennial  stem. 

The  arrangement  of  the  vascular  tissue,  however,  depends 
essentially,  at  least  in  all  those  plants  which  have  common 
bundles,  upon  the  arrangement  of  the  leaves.  In  stems  having 
cauline  bundles  (p.  171)  there  is  a  more  or  less  marked  aggrega- 
tion of  the  bundles  towards  the  centre,  so  as  to  lead  to  the 
formation  of  an  axial  vascular  cylinder,  as  in  roots ;  this  is  espe- 
cially marked  in  stems  bearing  small  leaves,  as  in  Lycopodium. 

There  is  one  point  in  connexion  with  the  relation  of  the  vascu- 
lar tissue  to  the  leaves  which  requires  more  special  consideration. 
It  has  been  pointed  out  (p.  191)  that  vascular  tissue  is  formed 
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secondarily  in  the  stems  (and  roots)  of  most  Dicotyledons  and 
Gymnosperms,  whereas  it  is  not  so  formed  in  those  of  most  Mono- 
cotyledons and  Vascular  Cryptograms.  A  consideration  of  the 
general  habit  of  the  plants  in  question  at  once  affords  a  cine  to 
this  remarkable  diversity.  In  the  plants  of  the  former  groups, 
the  stem,  as  a  rule,  branches  considerably,  and  consequently  there 
is  every  year  an  increase  in  the  area  of  the  leaf-surface  of  the 
plant;  whereas  in  the  plants  of  the  latter  groups,  the  stem 
branches  but  little  if  at  all,  and  the  area  of  leaf-surface  remains 
approximately  constant  in  the  adult  plant.  It  is  clear  that,  in 
the  former  case,  the  increase  of  leaf -surface  necessitates  an  increase 
in  the  conducting  vascular  tissue,  a  demand  which  is  met  by  the 
annual  formation  of  an  ever-widening  ring  of  vascular  tissue 
by  the  cambium.  Hence,  in  a  plant  of  this  kind,  the  vascular 
bundles  in  the  leaves  of  any  one  year  are  continuous,  in  the  stem, 
with  the  new  vascular  tissue  formed  in  that  year  by  the  cambium. 

Stems  may  be  specially  modified  both  in  external  form  and 
internal  structure  for  the  performance  of  special  functions.  Thus 
in  leafless  plants  the  stem  or  its  branches  may  become  phylloid ; 
that  is,  it  may  assume  a  flattened,  leaf-like  appearance  (p.  44). 
The  cortical  ground-tissue  of  the  stems  of  such  plants  resembles 
the  mesophyll  of  foliage- leaves,  not  only  in  that  the  cells  contain 
chlorophyll-corpuscles  in  abundance,  but  also  in  the  more  or  less 
complete  differentiation  of  a  superficial  palisade-layer  from  a 
more  deeply  placed  spongy  tissue.  The  reduction  of  the  foliage- 
leaves  and  the  compensating  development  of  the  stem  is  a  charac- 
teristic of  many  xerophilous  plants:  under  these  circumstances 
the  stem  generally  becomes  succulent  (as  in  Cactacete,  p.  628,  and 
some  Enphorbiaceffi)  owing  to  the  development  of  a  large  amount 
of  parenchymatous  tissue. 

Again,  stems  may  be  specially  modified  to  serve  as  depositories 
of  reserve  materials  {e  g.  tubers  of  potato),  or  of  water  (e,g.  stems 
of  CactacesB),  when  they  are  much  thickened  by  the  development 
of  a  large  quantity  of  parenchymatous  ground- tissue,  in  the  cells 
of  which  the  water  or  the  reserve-materials  are  deposited.  Or 
they  may  be  developed  into  thorns  (p.  44)  as  a  protection  against 
being  eaten. 

The  special  physiological  properties  of  stems  by  which  they 
assist  in  placing  the  foliage-leaves  and  reproductive  organs  in  the 
most  favourable  position,  are  their  various  kinds  of  irritability  to 
the  action  of  external  stimuli. 
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The  physiological  adaptation  of  stems  is  such  that  the  move- 
ments which  they  perform  in  response  to  the  action  of  external 
stimuli  are  always  such  as  shall  plaoe  the  foliage- leaves  and  the 
reproductive  organs  in  the  most  favourable  position.  Some  stems, 
for  instance,  grow  away  from  the  centre  of  the  earth  (negative 
geotropism)  and  towards  the  light  (positive  heliotropism) ;  these 
stems  consequently  grow  up  into  the  air,  and  take  up  such  a 
position  with  regard  to  the  direction  of  the  incident  rays  of  light 
that  the  leaves  may  be  adequately  exposed  to  them.  Others, 
again,  grow  horizontally  under  the  influence  of  gravity  (diageo- 
tropism)  and  of  light  (diaheliotropism),  and  in  this  way  spread 
out  their  leaves  to  the  sun's  rays. 

In  some  cases  stems  which  tend  to  grow  erect  into  the  air  are 
unable  to  do  so  in  consequence  of  being  insufficiently  rigid  to 
maintain  their  own  weight,  and  that  of  their  leaves,  etc.  Such 
stems  are  enabled  to  obtain  the  necessary  support  by  becoming 
attached  to  foreign  bodies,  snch  as  other  plants,  rocks,  etc.  This 
attachment  is  sometimes  purely  accidental,  as  in  the  case  of  the 
hook-climbers,  such  as  the  Bramble,  where  the  stem  is  covered  with 
prickles  which  become  fixed  as  the  swaying  shoot  is  blown  about 
by  the  wind.  Bat  in  other  cases  the  attachment  is  the  result  of 
the  mode  of  growth  of  the  stem  or  its  branches,  in  virtue  of  which 
they  twine  round  any  suitable  foreign  body  with  which  they  may 
come  in  contact.  In  some  cases  the  stem  and  its  branches  are 
sensitive  to  contact,  e.g.  Dodder ;  in  others,  this  sensitiveness  is 
restricted  to  certain  specially  modified  branches,  termed  tendrils 
(see  p.  43,  e.g.  Yitis,  Passifiora),  and  it  is  possessed  by  them  in  a 
very  high  degree. 

c.  The  Leaf.  In  the  discussion  of  the  morphology  of  the  leaf  it 
was  pointed  out  that  the  forms  of  leaves  are  very  various;  so 
much  so  that  it  was  necessary  to  classify  them  into  a  number  of 
categories.  Each  of  these  will  now  be  briefly  considered  with 
regard  to  its  functions. 

(1).  Foliage-leaoes.  It  may  be  stated  generally  with  reference 
to  land-plants,  that  the  two  great  functions  subserved  by  the  leaf 
are,  first,  the  construction  of  organic  substance  from  the  raw 
materials  of  the  food;  and  second,  the  exhalation  of  watery  vapour, 
or  transpiration. 

The  internal  structure  of  the  leaf  is  in  direct  relation  to  these 
two  functions  (see  p.  162).  The  particular  significance  of  the 
form  and  arrangement  of  the  cells  of  the  mesophyll  is  made  clear 
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by  the  following  considerations.  The  palisade-layers  occar 
always,  beneath  the  epidermis,  at  those  surfaces  which  are  directly 
exposed  to  the  sun's  rays.  Further,  if  a  plant  which,  when  grown 
exposed  to  sunlight,  has  well-marked  palisade-layers  in  its  leaves, 
be  grown  in  the  shade,  it  will  be  found  that  the  palisade-layers 
are  imperfectly  differentiated,  even  if  they  can  be  detected  at  all. 
The  development  of  the  palisade-layers  is  clearly  a  peculiarity  of 
leaves  which  are  exposed  to  sunlight.  One  explanation  is  this 
that  bright  light  not  only  promotes  the  assimilatoiy  function,  but 
also  promotes  the  oxidation  and  decomposition  of  the  chlorophyll. 
The  palisade* tissue  affords  a  means  of  protection  from  the  latter 
effect. .  When  a  leaf-surface  is  exposed  to  diffuse  daylight,  the 
position  of  the  chlorophyll-corpuscles  in  the  palisade-cells  is  such 
as  to  expose  them  as  fully  as  possible  to  the  light ;  they  are  dis- 
posed on  the  surface-walls,  both  upper  and  lower,  of  the  palisade- 
cells  (epistrophe)*    When,   however,  diffuse  daylight  is  replaced 

by  direct  sunlight,  the 
position  of  the  corpuscles 
is  changed  (see  Fig.  469) 
so  that  their  margin,  and 
not  their  sarface,  is  pre- 
sented to  the  sun's  rays  ; 
they  are  removed  to  the 
lateral  walls  and  towards 
the  inner  end  of  the  cell 
(^apostrophe).  It  is  clear 
that  the  elongated  form 
of  the  cells  facilitates 
this  withdrawal  of  the 
corpuscles  from  too  in- 
tense light,  to  light  of  a 
degree  of  intensity  which 
promotes  the  assimilatory  function  to  the  utmost  extent  compatible 
with  a  due  economy  of  the  chlorophyll. 

The  spongy  portion  of  the  mesophyll  is  the  tissue  especially 
adapted  to  the  transpiratory  function.  By  means  of  the  large 
intercellular  spaces  which  form  a  system  of  channels  throoghoot 
this  tissue  communicating  with  the  external  air  by  means  of  the 
stomata,  a  very  large  cell-surface,  from  which  transpiration  can 
readily  take  place,  is  brought  into  direct  relation  with  the  external 
air.     Transpiration  takes    place   from    the   cells   of    the  spongy 


Fio.  469.— (After  Stahl).  Sections  of  the  phyUoid 
stem  of  Lernna  trisulca,  Ulafttrating  epistrophe  and 
apostrophe  of  the  chloroplastids :  A  position  in  dif- 
fuse  daylight  (epistrophe);  B  position  in  intense 
sunlight  (apostropheX 
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mesophyll  into  the  intercellalar  spaces,  and  the  wafcerj  vapour 
then  escapes  from  the  leaf  by  the  stomata. 

A  brief  consideration  of  the  peculiarities  of  the  leaves  of  aqaatie  plants  will 
farther  establish  these  points.  The  characteristic  feature  of  submerged  leayes 
is  that  they  are  very  much  divided,  and  consequently  present  a  relatively 
large  surface  by  which  they  can  absorb  carbon  dioxide  and  oxygen,  as  well  as 
salts,  from  the  water.  The  mesophyll  of  these  leaves  is  not  differentiated 
into  palisade- tissue  or  spongy  tissue;  for,  in  the  first  place,  the  light  to  which 
these  leaves  are  exposed  is  not  intense,  and,  in  the  second,  they  do  not  tran- 
spire. A  peculiar  feature  of  these  leaves  is  that  the  chlorophyll- corpuscles 
are  contained  principally  in  the  epidermal  cells.  Floating  leaves,  on  the  other 
hand,  usually  have  broad  oval  or  rounded  laminss,  a  form  which  is  evidently 
favourable  to  the  retention  of  their  position  on  the  surface  of  the  water.  The 
epidermis  of  the  upper  surface  is  well-developed  and  possesses  stomata  ;  whereas 
the  walls  of  the  epidermal  cells  of  the  lower  surface  are  thin  and  unouti- 
cularised,  so  that  they  can  absorb  water  and  substances  in  solution,  and  there 
are  no  stomata.  The  mesophyll  is  differentiated  into  palisade  and  spongy 
tissue.  The  palisade-layers  are  arranged  in  the  characteristic  fashion  towards 
the  upper  surface  of  the  leaf ;  and  commonly  there  lies  between  the  superior 
epidermis  and  the  palisade-tissue,  a  layer  of  aqueous  tissue  which  serves  to 
protect  the  chlorophyll  of  the  latter  frota.  exposure  to  too  intense  light. 
Towards  the  lower  surface,  the  mesophyll  is  channelled  by  large  intercellular 
spaces,  the  use  of  which  is  to  facilitate  the  aeration  of  the  plant. 

The  foregoing  consideration  of  the  anatomy  of  these  three  types 
of  foliage-leaves  leads  to  the  conclasion  that  the  spongy  tissue 
of  the  mesophyll  is  that  in  which  both  the  assimilatory  and  the 
transpiratory  processes  can  be  most  satisfactorily  carried  on ;  that, 
in  fact,  the  amount  of  spongy  mesophyll  in  a  leaf  may  be  taken  as 
an  indication  of  the  degree  of  its  physiological  activity.  Clearly 
the  close  arrangement  of  the  cells  in  the  palisade-tissue  is  not  so 
favourable  for  the  absorption  of  carbon  dioxide  or  for  the  exha- 
lation of  watery  vapour,  as  is  the  loose  arrangement  of  the  cells  in 
the  spongy  tissue.  The  palisade- tissue  is  transpiratory  and  assi- 
milatory tissue  so  adapted  for  action  in  intense  light,  that  trans- 
piration is  diminished,  and  protection  is  afforded  not  only  to  the 
chlorophyll  in  its  own  cells,  but  also  to  that  in  the  cells  of  the 
tissue  which  it  covera. 

In  many  xerophilous  plants,  more  or  less  of  the  mesophyll 
may  be  destitute  of  chlorophyll,  the  cells  containiDg  much 
watery  sap  (see  p.  164),  so  that  the  leaf  serves  as  a  reservoir  of 
water. 

Leaves  are  adapted  not  only  structurally,  but  also  by  their 
irritabilities,  to  the  performances  of  their  functions.      They  are 
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sensitive  to  the  directive  action  of  light  and  of  gravity  and,  in 
the  course  of  their  growth  they  take  up  a  definite  position 
termed,  on  account  of  the  predominating  inflaence  of  light  in 
determining  it,  the  fixed  light-position.  The  response  of  the  dor- 
siventral  leaf  to  the  directive  action  of  gravity,  is  generally  one 
of  diageotropism,  that  is  it  places  its  blade  horizontal,  with  the 
ventral  surface  uppermost;  and  similarly,  its  response  to  light  is 
to  expose  the  npper  surface  of  its  blade  at  right  angles  to  the 
direction  of  the  incident  rays  (diaheliotropism).  The  response  of 
the  isobilateral  and  of  the  radial  leaf  to  the  action  of  gravity  is  one 


Pio.  470 (after  Darwin).— Bhoots  of  Deamodium  jyront,  with  trifoliolato  leaves:  A  leaves 
in  diurnal  poaition ;  B  in  nocturnal  pofdtion. 

of  negative  geotropism,  so  that  they  grow  erect ;  and  to  light,  one 
of  positive  heliotropism,  as  they  tend  to  direct  their  apices  towards 
the  source  of  light. 

Changes  in  the  external  conditions  act  as  stimuli,  which,  in  many 
cases,  induce  a  movement  of  the  foliage-leaves  involving  change 
of  position:  most  frequently  these  movements  are  performed 
by  growing  leaves,  but  also  sometimes  by  adult  leaves  with  a 
permanent  motile  mechanism.  They  have  been  observed  in  the 
growing   leaves  (and  cotyledons)    of  many   plants    (e,g.    Cheno- 
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podium,  Irapatiens,  PolycronaTn,  Linnm,  etc.).  and  in  the  adalt 
leaves  of  many  OxalidacesB  and  LegaminossB.  The  common 
feature  of  these  movements  is  that  they  serve  to  vary  the  area  of 
surface  presented  to  the  sky  by  the  leaf.  They  are  commonly 
known  as  "  sleep-movements,"  or  nycHtropic  movements,  because 
they  are  usually  associated  with  the  alternation  of  day  and  night. 
With  a  falling  temperature  and  a  diminishing  intensity  of  light 
the  leaves  assume  the  "night-position,"  presenting  a  diminished  sur- 
face, generally  only  the  edge,  to  the  zenith,  the  leaflets  of  compound 
leaves  at  the  same  time  approaching  each  other,  with  the  result  that 
they  are  protected  from  injury  by  cold  in  consequence  of  excessive 
radiation  of  heat  :  with  a  rising  temperature  and  an  increasing 
intensity  of  light,  the  leaves  assume  the  "  day-position,"  pi'esenting 
their  upper  surfaces  to  the 
zenith.  But  the  day-posi- 
tion is  frequently  liable  to 
modification,  with  a  view  to 
the  reduction  of  transpira- 
tion and  to  the  protection  of 
the  chlorophyll  from  the  ac- 
tion of  too  intense  light,  by 
movements  which  diminish 
the  leaf-area  exposed  to  the       p,^  47i.-Le«f  of  oxaiis  by  day  (D  and  by 

dil*ect    rays    of    the   sun  ; —      night  (N).     in  the  latter,  each  leaflet  ia  folded 

-.    J   „^    :-.    -^««^*   ^»o^«     4-^^      inwards  at  right  angles  along  ito  midrib,  and  U 
and  so,  in  some  cases,  tne      ,    ,.    .  ^  _, 

'  ^  also  bent  downwards. 

edge,   and   not    the    upper 

surface,  is  presented  to  the  sun  :  these  movements  are  designated 

"  diurnal  sleep  "  or  paraheliotropism. 

Some  foliage-leaves,  but  only  such  as  have  a  special  motile 
mechanism,  respond  by  movement  to  the  stimulus  of  a  touch.  This 
is  the  case  in  the  "  sensitive  plants,"  such  as  Mimosa  pudica  and 
other  species,  Biophytum  (Oxaiis)  seiisitivum,  JiJschynomene  iiidica, 
Neptunia  oleracea  :  the  leaflets  of  the  pinnate  leaves  of  these 
plants  close  together  when  touched,  or  when  the  plant  is  shaken, 
and  they  are  thus  protected  to  some  extent  from  injury  by  hail, 
i*ain,  or  even  wind.  Other  instances  of  movement  in  response 
to  touch  are  afforded  by  the  "  carnivorous  "  genera,  Dionssa  and 
Aldrovanda,  in  which,  when  an  insect  alights  on  the  upper  surface 
of  the  expanded  leaf  and  touches  the  sensitive  hairs,  the  two 
lateral  halves  of  the  blade  suddenly  close  together,  like  a  hinge, 
Mvith  the  midrib  as  the  axis. 
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Sensitiveness  to  long-con tinned  contact    is  manifested  bj  the 
petioles  of  vanous  plants  {e.g.  Tropaeolam,  Clematis) ;  sometimes 


A  B 

Fxo.  472  (after  Dachartre).— Leares  or  Mtmoaa  jmdiea:  A  normal  diamal  position; 
B  position  assamed  on  stimulation. 

by  the  whole  phyllopodium  (Lygodinm)  ;  in  many  cases  leaves 
possessing  this  sensitiveness  are  modified  into  leaf -tendrils  (see  p. 

58 ;  as  in  CucnrbitacesB,  etc.)  ; 
leaves  of  this  kind  serve  as 
organs  of  attachment  for  climb- 
ing. 

Foliage-leaves  are  sometimes 
modified  into  pitchers  or  ascidia 
(p.  57) :  these  serve  the  pnrpose 
in  some  cases  {e,g.  Nepenthes) 
of  capturing  insects  and  of 
digesting  and  absorbing  them : 
in  other  cases  {e.g,  Dischidia) 
they  collect  water  and  organic 
detritus ;  in  Dischidia  adven- 
titions  roots  are  developed, 
which  lie  in  the  pitchers  and 
absorb  water,  together  with 
disRob'^ed  sabstances,  there- 
from. 

Lenf'fipines   appear   to   be   exclusively    protective   against  the 
attacks  of  herbivorous  animals. 


Fio.  473  (after  Darwin).— Petiole  of  Snlanum 
jatminoidf*  clasping  a  stick. 
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(2).  Cataphyllary  or  Scaly  Leaves  (p.  68)  serve  to  protect 
growing-points  and  yoang  leaves  of  buds,  and  in  this  they  are 
assisted  by  tbe  secreting-hairs  (colleters,  p.  144)  which  they 
frequently  bear :  they  sometimes  serve  as  depositories  of  reserve 
plastic  materials  (e,g,  scales  of  Onion-balb). 

(3).     Floral  Leaves, 

a.  JSypsophyllary  Leaves.  The  leaves  included  under  this 
head  are  the  bracts  (and  bracteoles)  and  the  perianth- leaves 
(p.  69). 

When  green,  the  bracts  perform  the  ordinary  functions  of 
foliage-leaves:  but  when  they  are  collected  around  a  flower 
(epicalyx)  or  an  inflorescence  (e.g.  involucre  of  Compositte, 
Euphorbia,  etc.)  they  serve  to  protect  the  floral  organs  during 
their  development.  Wben  highly-coloured  (e.g.  in  Araceas, 
EuphorbiacesB,  NyctaginaceaD),  they  serve  to  attract  insects  to 
visit  the  otherwise  inconspicuous  flowers. 

The  sepals,  like  the  bracts,  are  commonly  green,  and  then  they 
perform  the  ordinary  functions  of  foliage-leaves,  and  also  serve 
to  protect  the  other  floral  organs:  when  petaloid  (e.g.  many 
BanunculacesB  and  Liliales),  they  attract  insects  for  the  purpose  of 
cross-pollination. 

The  petals  are  brightly-coloured  in  most  flowers,  and  it  is  their 
special  function  to  attract  insects.  Not  uncommonly  they  are 
specially  modified  as  nectaries  {e.g.  Helleborus),  and  thus  further 
contribute  to  ensure  the  visits  of  insects. 

The  perianth-leaves  (and  sometimes  also  the  bracts),  are  often 
capable  of  performing  movements  leading  to  the  opening  and 
closing  of  the  flower  or  inflorescence  :  thus  the  flowers  of  the 
Crocus,  Tulip,  and  Poppy,  and  the  inflorescence  of  the  Daisy,  open 
under  the  influence  of  rising  temperature  and  increasing  intensity 
of  light,  closing  under  the  contrary  conditions :  the  closing  is  a 
protection  of  the  essential  floral  organs  against  cold  and  wet ;  it 
is  essentially  similar  to  the  nyotitropic  movements  of  foliage- 
leaves  (see  p.  689). 

h.  Sporophyllary  Leaves.  As  already  stated  (p.  77)  the  sporo- 
phylls  are  the  essential  organs  of  the  flower,  when  they  are 
aggregated  on  a  special  shoot,  and  have,  in  any  case,  the  function 
of  asexually  producing  the  spores.  They  are  more  or  less  generally 
modified  in  form  and  structure  in  connexion  with  this  function ; 
and  in  the  many  diiferont  forms  of  flowers  these  leaves  present 
remarkable  special  adaptations  which  mainly  refer  to  the  process 
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of  pollination  (see  p.  452),  to  the  distribution  of  the  seed,  etc. 
It  is  impossible  to  enter  upon  a  further  consideration  of  the 
biology  of  the  flower,  but  the  phenomena  of  movement  presented 
by  the  essential  floral  organs  deserve  special  mention. 

A  remarkable  case  of  spontaneous  movement  is  that  of  the 
gynostemium  of  Slylidium  (Candollea)  adnatum^  the  object  of 
which  is  the  scattering  of  the  pollen,  and  it  accordingly  begins 
when  the  anthers  are  about  to  dehisce :  the  gynostemium  bends 
over  till  it  touches  a  gland  on  the  anterior  petal,  and  to  this  it 
adheres  until  it  straightens  and  frees  itself  from  the  sticky  gland 
with  a  jerk  which  scatters  the  pollen ;  the  movement  is  then 
repeated. 

Induced  movements  are  more  common.  Thus  the  two  lobes  of 
the  stigma  {e,g.  Mimulus,  Bignonia,  Martynia),  close  together  on 
being  touched :  the  movement  doubtless  ensures  the  adhesion  of 
the  pollen  brought  by  an  insect.  The  stamens  are  irritable  in 
many  plants.  For  instance,  in  Berberis,  when  an  insect  touches 
the  iiTitable  base  of  one  of  the  nearly  horizontal  stamens,  the 
stamen  rises  up  on  its  point  of  attachment  as  on  a  hinge,  and 
strikes  the  insect  with  the  anther,  thus  dusting  it  with  pollen. 
Again,  the  syngenesious  stamens  of  Centaurea  (p.  664)  shorten 
on  stimulation  by  touch :  the  flower  is  protandrons ;  consequently, 
as  the  filaments  contract,  the  pollen  shed  by  the  coherent  anthers 
is  pushed  out  of  the  open  end  of  the  anther-tube  by  the  style 
within,  and  is  removed  by  the  insect. 


CHAPTER  11. 
SPECUL  PHYSIOLOGY  OF  THE  NUTRITIVE  FUNCTIONS. 

§  6.  Absorption.  The  food  of  plants  is  absorbed,  generally 
speaking,  either  from  the  soil  or  from  the  air. 

Plants  which  do  not  possess  chlorophyll  {e.g.  Fungi)  usually 
obtain  the  whole  of  their  food  from  the  soil ;  whereas  plants  which 
do  possess  chlorophyll  absorb  from  the  air  one  of  the  most  im- 
portant constituents  of  their  food,  namely  carbon  dioxide. 

In  exceptional  cases  it  is  obtained  from  other  sources;  for 
instance,  parasitic  plants  absorb  their  food  from  the  hosts  upon 
which  they  live,  and  the  "  insectivorous  "  plants  absorb  a  portion, 
at  least,  of  their  food,  from  the  insects  which  are  caught  by  their 
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specially  adapted  leaves.     Submerged  aquatic  plants  absorb  their 
food  entirely  or  mainly  from  the  water  in  which  they  live. 

As  already  mentioned  (p.  668),  the  food  of  plants  is  always 
absorbed  in  the  fluid  form ;  either  as  a  liquid  or  as  a  gas.  The 
liquid  food,  consisting  of  a  watery  solution  of  various  substances, 
is  absorbed  from  the  soil  most  commonly  by  the  roots,  or,  in  the 
absence  of  roots,  by  other  members  (shoots,  leaves)  which  have 
become  specially  adapted  for  the  performance  of  this  function ; 
the  gaseous  food  (CO^)  is  absorbed  from  the  air  by  the  green 
parts  (shoot)  of  plants,  and,  in  the  more  highly  differentiated 
forms,  more  especially  by  the  leaves. 

Absorption  of  Liquids.  When  an  organ  which  is  adapted  for  the 
absorption  of  liquids  is  performing  its  function,  two  processes  are 
in  operation,  namely,  the  absorption  of  the  water,  and  the  absorp- 
tion of  the  substances  which  the  water  holds  in  solution:  it  is 
important  to  clearly  distinguish  between  these  two  processes,  for 
though  they  are  necessarily  carried  on  simultaneously,  yet  the 
water  and  the  dissolved  substances  are  not  absorbed  in  any  con- 
stant proportion.  The  two  processes,  in  fact,  depend  upon  some- 
what different  conditions.  The  cells  of  the  absorbent  organ  take 
up  the  water  in  consequence  of  the  presence  in  solution  in  the 
cell-sap  of  osmotically  active  substances,  .such  as  organic  acids  and 
acid  salts,  which  attract  water  into  the  cells.  The  substances 
in  solution  in  the  water  are  absorbed  in  virtue,  first,  of  their 
diffusibility,  that  is  their  power  of  passing  through  membranes, 
and  secondly,  of  the  fact  that  the  cell-sap  in  the  interior  of  the 
absorbing  cells  contains  less  of  the  substances  in  question  than 
does  the  water  outside.  Hence  any  indififusible  substance  which 
may  be  dissolved  in  the  water  will  not  be  absorbed  by  the  cells, 
neither  will  any  substance  of  which  there  is  already  an  equivalent 
quantity  in  solution  in  the  sap  of  the  cells,  although  the  absorp- 
tion of  water  may  be  actively  taking  place.  These  facts  find 
their  general  expression  in  the  following  statement  which  is 
known  as  the  Law  of  Absorption :  for  the  watery  solution  of  any 
substance  capable  of  being  absorbed,  there  is  a  certain  degree  of 
concentration  at  which  the  proportion  of  the  amount  of  the  sub- 
stance absorbed  to  that  of  the  water  absorbed  is  the  same  as  that 
of  the  solution;  if  the  solution  be  more  concentrated,  the  pro- 
portion of  water  absorbed  will  be  greater,  and  that  of  the  sub- 
stance less ;  if  the  solution  be  more  dilute,  the  proportion  of  the 
substance  absorbed  will  be  greater,  and  that  of  the  water  less. 
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When,  as  is  usually  the  case,  the  liquid  with  which  the  absorbent 
cells  come  into  relation,  is  a  solution  of  a  number  of  different  sub- 
stances, these  different  substances  are  not  all  absorbed  in  the  same 
proportion.  Supposing  the  absorbing  organ  to  be  equally  poor  in 
all  these  substances.  Then,  in  the  first  instance,  the  substances 
would  be  absorbed  in  proportion  to  their  difPusibility,  the  most 
diffusible  being  absorbed  the  most  rapidly.  Subsequently,  how- 
ever, the  relative  amount  of  substances  absorbed  would  be  de- 
termined by  the  extent  to  which,  after  absorption,  they  severally 
were  chemically  altered  in  the  metabolism  of  the  plant.  For  when 
a  substance  is  chemically  altered  in  the  plant,  it  ceases  to  exist, 
as  such,  in  the  sap  of  the  cells;  hence,  when  a  substance  is 
constantly  being  decomposed  in  the  plant,  it  can  be  also  con- 
tantly  absorbed.  When,  on  the  other  hand,  an  absorbed  sub- 
stance  does  not  undergo  chemical  change  in  the  plant,  it  ac- 
cumulates in  the  sap  of  the  cells,  and  consequently  the  absorp- 
tion of  it  from  without  eventually  ceases. 

This  point  can  be  determined  with  regard,  at  least,  to  the 
mineral  substances  which  a  plant  absorbs,  by  an  analysis  of  the 
ash  which  is  left  behind  on  incinerating  the  plant,  that  is,  on 
burning  away  the  combustible  organic  matter.  The  ash  will  be 
fonnd  to  inclade  all  the  mineral  elements  present  in  the  soil  or 
water  from  which  absorption  is  taking  place,  in  so  far  as  those 
elements  are  present  in  the  form  of  compounds  which  are  soluble 
and  diffusible.  The  general  constitution  of  the  ash  depends  upon 
the  chemical  nature  of  the  soil,  and  upon  the  physical  properties 
of  the  substances  which  comprise  it,  as  is  proved  by  the  fact  that 
the  constitution  of  the  ash  of  any  given  plant  varies  with  the  soil 
in  which  it  grows.  But  the  relative  proportion  of^the  various 
chemical  elements  in  the  ash  depends  upon  the  capacity  of  the 
plant  to  chemically  alter  the  various  compounds  which  it  absorbs, 
as  is  proved  by  the  fact  that  the  constitution  of  the  ash  varies 
widely  in  plants  of  different  kinds  grown  in  the  same  soil ;  it  is 
the  expression  of  the  specific  metabolic  properties  of  the  plant,  or, 
in  other  words,  of  the  specific  absorbent  capacity  of  the  plant.  And 
not  only  has  each  plant  a  specific  absorbent  capacity,  but  this 
varies  at  different  periods  in  its  development,  in  harmony  with 
the  variation  which  takes  place  in  its  metabolic  processes. 

A  good  illnstration  of  the  different  specific  absorbent  capacities  of  plants  is 
afforded  by  a  comparison  of  the  amount  of  silica  in  the  ash  of  different  plants. 
Thus,  an  analysis  of  meadow-hay  and  of  pea-straw,  grown  under  the  same 
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eonditions,  showed  that  the  former  contained  27  per  cent,  of  silicaf  and  the 
Utter  scarcely  7  per  cent.  This  is  dne  to  the  fact  that  the  Grasses  deposit 
considerable  quantities  of  silica  in  their  cell-walls,  whereas  Peas  are  unable  to 
do  this  to  anything  like  the  same  extent. 

It  not  infrequently  happens  that  chemical  elements  are  fonnd  to 
be  present  in  the  ash,  which  are  known  to  be  present  in  the 
soil  in  the  form  of  compoands  which  are  insoluble  in  water. 
These  compoands  are  brought  into  solution  by  various  means. 
For  instance,  the  soil  usually  contains  carbon  dioxide,  which  is 
evolved  from  the  decomposing  animal  or  vegetable  matter  which 
is  commonly  present,  and  from  the  absorbent  organs  themselves ; 
and  it  is  well  known  that  various  substances,  such  as  calcium  car- 
bonate and  certain  silicates,  which  are  insoluble  in  pure  wat>er, 
are  soluble  in  water  charged  with  carbon  dioxide.  Again,  t&e  sap 
which  fills  the  vacuoles  and  saturates  the  walls  of  root-hairs,  has 
an  acid  reaction,  due  to  the  presence  of  organic  acid,  and  this  acid 
sap  will  dissolve  many  substances  which  are  insoluble  in  pure 
water.  The  solvent  effect  of  this  acid  sap  is  well  demonstrated  by 
means  of  the  familiar  experiment  with  a  slab  of  marble.  If  a 
highly-polished  slab  of  marble  be  fixed  in  the  bottom  of  a  flower- 
pot, and  a  plant  be  grown  in  the  soil  above  it,  the  roots  will  come 
into  contact  with  the  slab  and  will  apply  themselves  to  its  surface. 
On  subsequently  examining  the  slab  of  marble,  it  will  be  found  to 
have  become  corroded  where  the  roots  had  been  in  contact  with 
it.  The  corrosion  is  due  to  the  solution,  by  the  acid  sap  of  the 
roots,  of  particles  of  the  marble. 

The  activity  of  the  absorption  of  water  is  dependent  upon  the 
temperature.  For  example,  the  absorption  of  water  by  roots  be- 
gins at  a  minimum  temperature ;  it  increases  in  activity  as  the 
temperature  rises  to  optimum  ;  any  further  rise  of  temperature  is 
attended  by  a  diminished  activity  of  absorption. 

Absorption  of  Oases,  The  absorption  of  gases  depends,  like  the 
absorption  of  water  and  substances  in  solution,  upon  diffusion. 
Supposing  an  absorbent  cell,  the  sap  of  which  holds,  to  begin  with, 
no  gases  in  solution,  to  be  brought  into  relation  with  a  mixture  of 
gases,  these  gases  will  be  dissolved  at  the  surface  in  proportion  to 
their  solubility  and  to  the  amount  of  each  gas  present  in  the  mix- 
ture, that  is,  the  amount  absorbed  of  each  gas  depends,  in  the  first 
instance,  upon  its  solubility  and  its  partial  pressure.  The  relative 
amount  of  each  gas  absorbed  over  a  period  of  time  will  further 
depend  upon  the  extent  to  which  it  undergoes  chemical  alteration 
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after  absorption.  For  instance,  plants  absorb  from  the  air 
nitrogen,  oxygen,  and  carbon  dioxide  ander  certain  circumstances. 
On  account  of  the  greater  proportion  of  nitrogen  in  the  air,  this 
gas  will  be,  in  the  first  instance,  absorbed  to  a  lai'ger  extent  than 
either  of  the  others.  But  inasmuch  as  the  nitrogen  does  not  enter 
into  the  metabolic  processes  of  the  plant,  whereas  oxygen  and, 
under  certain  circumstances,  carbon  dioxide,  do  so,  the  nitrogen 
simply  accumulates  in  the  cell-sap.  and  the  absorption  of  it  will 
soon  cease,  whereas  the  absorption  of  the  oxygen  and  of  the  carbon 
dioxide  will  continue. 

Land-plants  absorb  gases,  in  the  manner  described  above,  at  all 
points  of  their  surface ;  by  their  shoots  from  the  air,  by  their  roots 
from  the  gaseous  mixture  in  the  interstices  of  the  soil ;  the  stomata 
of  the  sub-aerial  parts  are  of  great  importance  in  connexion  with 
this  process.  Submerged  water-plants  absorb,  in  solution,  the 
gases  dissolved  in  the  water. 

The  absorbed  gases  remain  in  solution  in  the  cell-sap,  so  that 
living  cells  do  not  contain  bubbles  of  gases.  Moreover,  gases 
travel  in  the  plant  mainly  by  diffusion  from  cell  to  cell,  though 
their  distribution  may  also  be  effected  by  means  of  the  intercellular 
spaces. 

The  particular  gas  which  may  be  regarded  as  a  food- material  is 
carbon  dioxide.  Although  the  amount  of  this  gas  to  be  found  in 
the  air,  or  in  solution  in  water,  at  any  given  moment,  is  usually 
small,  yet  inasmuch  as  the  supply  is  maintained,  enough  of  it  can 
be  obtained  for  the  needs  of  the  plant.  The  conditions  of  its 
absorption  are  the  following :  First,  it  is  only  absorbed  by  those 
cells  which  contain  chlorophyll ;  Secondly,  it  is  only  absorbed  by 
these  cells  when  exposed  to  light  of  a  certain  intensity,  the  most 
active  rays  being  those  of  low  refrangibility. 

§  7.  Transpiration.  Every  part  of  a  plant  which  is  exposed 
to  the  air,  except  such  as  are  covered  by  a  thick  layer  of  cork,  is 
continually  exhaling  watery  vapour.  This  may  be  demonstrated 
by  placing  a  leafy  branch  under  a  bell-glass,  when  it  will  shortly 
be  observed  that  the  internal  surface  becomes  covered  with  drops 
of  water,  the  watery  vapour  exhaled  by  the  branch  having  con- 
densed upon  the  cold  glass.  Again,  the  drooping  of  cut  flowers 
or  herbaceous  branches  is  due  to  the  loss  of  water  by  transpira- 
tion. 

It  must  be  clearly  understood  that  transpiration  is  not  simply 
evaporation.     If  it  were  so,  then  cleai*]y  equal  amounts  of  water 
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would  be  evaporated  in  a  given  time  by  eqnal  areas  of  water- 
sarface,  and  of  living  plant-snrface.  Bnt  this  is  not  the  case. 
All  observations  show  that  the  amount  of  water  transpired  from  a 
given  area  of  living  plant-surface  in  a  given  time,  is  only  a  small 
fraction  of  that  evaporated  in  the  same  time  from  an  eqnal  surface 
of  water.  On  the  other  hand,  the  evaporation  fi'om  dead  plant- 
surface  is  as  active,  or  even  more  so,  than  from  a  free  surface  of 
water.  Tratispiration,  whilst  ultimately  depending  upon  the 
purely  physical  process  of  evaporation,  in  essentially  evaporation 
modified  by  the  living  substance,  protoplasm,  from  and  through 
which  it  takes  place,  and  is  therefore  a  vital  function. 

The  activity  of  transpiration  is  intimately  connected  with  the 
external  conditions.     It  is  dependent  upon  the  hygrometric  state   *-^^^ 
of  the  atmosphere,  upon  the  temperature  of  the  a|r,  and  especially     ^   .       .  •* 
upon  exposure  to  light.     Naturally,  the  drier  the  atmofiphere  the  \j/*^'^*^^ 
more  active  the  transpiration;  and,  similarly,  a  rise  of  temperature 
promotes  transpiration.     The  effect  of  exposure  to  light  is  very 
striking.     On  removing   a  plant  from  darkness    to   even  feeble  .  ty 

light,  its  transpiration  is  markedly  increased;  but  when  it  is  re-    \j,0(^    " 
moved  into  bright  nunlight  it  is  increased  severalfold.     This  effect        ^ 
of  light  is  especially  marked  in  the  case  of  plants,  or  parts  of 
plants,  which  contain  chlorophyll.     It  is  clear  that  light  so  acts 
upon  the  protoplasm  of  tbe  transpiring  tissue  as  to  facilitate  the 
evaporation  of  the  water  contained  in  the  cells. 

The  activity  of  the  transpiration  from  the  surface  of  a  plant 
is  inversely  proportional  to  the  development  of  tbe  tegumentary 
tissue.  Thus,  transpiration  is  rapid  in  the  case  of  stems  and 
leaves  in  which  cuticularisation  or  suberisation  of  the  superficial 
cell-walls  has  taken  place  to  but  a  small  extent  or  not  at  all, 
whereas  the  transpiration  of  organs  which,  like  tbe  trunks  of 
many  trees,  are  covered  externally  by  layers  of  cork,  or  which, 
like  the  stems  and  leaves  of  succulent  plants,  such  as  Cacti,  Aloes, 
Crassulaceae,  etc.,  have  a  thick  cuticle,  is  comparatively  slight. 

However,  inasmuch  as  most  aerial  leaves  and  stems  have  a 
more  or  less  well-developed  and  cuticularised  tegumentary  tissue, 
the  transpii*ation  from  the  external  surface  is  insignificant.  In 
such  cases  the  ti^anspiration  takes  place  mainly  through  the  thin 
uncuticularised  walls  of  the  cells  of  the  ground-tissue  into  the 
intercellular  spaces,  and  the  watery  vapour  escapes  from  the 
intercellular  spaces  into  the  external  air  by  means  of  the  stomata 
and  the  lenticels.     The  stomata,    especially,  are  organs  for  the 
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regnlation  of  transpiration.  As  already  mentioned  (p.  156),  the 
stomata  open  and  close,  their  opening  and  closing  being  dependent 
npon  variations  in  the  targidity  of  the  gnard-cells.  When  the 
gnai*d-cell8  are  highly  targid,  they  curve  so  as  to  separate  from 
each  other  in  the  middle  line,  thus  opening  the  stoma ;  when  they 
are  flaccid,  their  free  surfaces  are  bronght  into  contact,  and  the 
stoma  is  closed.  It  was  held  for  a  long  time  that  the  opening  and 
closing  of  the  stomata  depended  mainly  on  whether  or  not  the  plant 
was  exposed  to  light ;  that  the  stomata  opened  in  bright  light 
and  closed  in  darkness;  and  that  the  more  active  transpiration 
in  light  than  in  darkness  was  attributable  to  the  condition  of  the 
stomata.  Bat  it  is  now  known  that  the  opening  or  closing  of  the 
stomata  is  not  thus  directly  dependent  on  light,  but  is  a  function 
of  transpiration  as  affected  by  the  hygrometric  condition  of  the 
air,  and  by  the  supply  of  water  in  the  plant :  so  that  when  the 
transpiration  is  normal,  as  determined  by  a  certain  relation  exist- 
ing between  the  hygrometric' condition  of  the  air  and  the  supply 
of  water  to  the  transpiring  leaf,  the  stomata  are  open ;  but  when 
transpiration  becomes  excessive,  by  the  air  becoming  drier,  or  by 
a  diminution  in  the  supply  of  water  to  the  leaf,  the  stomata  close, 
even  before  any  trace  of  flagging  is  shown  by  the  leaf.  Thus  the 
stomata  act  as  regulators  of  transpiration,  and  their  opening  or 
closing  depends  partly  on  external  and  partly  on  internal  condi- 
tions. 

The  water  lost  by  transpiration  is  supplied  to  the  transpiring 
organs  from  the  roots.  If  the  loss  by  transpiration  is  compensated 
by  the  absorbent  activity  of  the  roots,  the  transpiring  organs 
remain  fresh  and  turgid.  But  if,  as  is  frequently  the  case  on  a 
hot  summer  day,  the  loss  of  water  by  transpiration  is  greater  than 
the  supply  from  the  roots,  the  transpiring  organs,  more  especially 
the  leaves,  become  flaccid  and  droop,  and  they  are  only  restored 
to  the  turgid  condition  in  the  evening  when  the  temperature  of 
the  air  falls  and  the  intensity  of  the  light  diminishes;  in  a  word, 
when  the  external  conditions  become  such  as  to  lead  to  a  diminu- 
tion of  the  transpiration. 

There  is,  however,  besides  the  flaccidity  of  the  herbaceous 
members  of  the  plant,  another  means  of  observing  the  effect  of 
transpiration  upon  the  amount  of  water  contained  in  the  tissues. 
If  the  stem,  or  a  branch,  of  an  actively  transpiring  plant  be  cut 
through  under  mercury  or  some  other  liquid,  it  will  be  observed 
that  the  liquid   will  at  once   make  its  way  for    a  considerable 
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distance  into  the  woody  tissue  of  the  cut  stem  or  branch.  This  is 
due  to  the  fact  that,  in  consequence  of  the  withdrawal  of  water 
from  them,  the  gases  in  the  vessels  are  at  a  lower  pressure  than 
that  of  the  atmosphere.  This  is  termed  the  negative  pressure  in 
the  vascular  tissue. 

These  various  points  can  be  readily  observed  in  low-growing 
plants,  such  as  the  cabbage.  On  a  hot  summer  day  the  leaves 
become  flaccid,  and  the  existence  of  a  negative  pressure  in  the 
vessels  of  the  stem  can  be  ascertained.  In  the  evening,  when  the 
activity  of  transpiration  is  diminished,  but  active  absorption  of 
water  from  the  warm  soil  by  the  roots  continues,  the  leaves 
become  turgid,  and  water  gradually  accumulates  in  the  vascular 
tissue.  During  the  night  this  accumulation  of  water  in  the 
vascular  tissue  goes  on  until  it  becomes  quite  full,  so  that  there 
comes  to  be  not  only  no  negative  pressure,  but  a  positive 
pressure.  This  positive  pressure,  were  there  no  means  of  re- 
lieving it,  might  become  injurious  to  the  tissues;  but  it  is  re- 
lieved by  the  filtering  of  drops  out  of  the  closed  terminations  of 
the  vascular  bandies  in  the  leaves,  these  drops  making  their  way  I 
to  the  surface  through  openings  over  the  ends  of  the  bundles, 
which  are  either  the  ordinary  stomata,  or  the  specially- modified . 
water-stomata.  A  row  of  such  drops  on  the  margin  of  the  leaves 
may  be  observed  in  many  plants  in  the  early  morning.  It 
appears,  then,  that  during  the  day  the  loss  of  water  by  transpira-. 
tiou  is  greater  than  the  supply  by  absorption,  whereas  during  the 
night  the  contrary  is  the  case. 

With  regard  to  the  physiological  significance  of  transpirationu 
it  is  important  in  that  it  causes  a  rapid  current  of  liquid,  th^ 
transpiratum-currentf  to  flow  through  the    plant  from  the  roots  to 
the  transpiring  organs,  more  especially  the  leaves.     This  ensures 
the  distribution,  not  only  of  the  absorbed  water,  but  also  of  th^ 
substances  absorbed  in  solution  from  the  soil.     It  will  be  noticed 
that  the   conditions  which  promote  transpiration,  namely,  light 
and  warmth,  are  jusfc  those  which  are  most  favourable  to  the  per- 
formance of  their  anabolic  processes  by  the  organs  which  contain  j 
chlorophyll.     Thus,  when  the  leaves  are  actively  producing  organic  I 
substance,  they  are  actively  transpiring,  and  they  are  therefore  I 
constantly  receiving  supplies  of  the  substances  absorbed  from  the  ' 
soil,   substances   some   at    least   of    which   are   essential    to   the  ^ 
chemical   processes    in  opei*atioD.      Transpiration   has,   then,   an 
important  bearing  upon  nutrition.     There  seems  to  be,  in  fact,  an 
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optimnm  activity  of  tranRpiration,  that  is  to  saj,  a  certain  activity 
of  transpiration  which  promotes  to  the  ntmost  the  formation  of 
organic  substance  ;  so  that  if  the  average  activity  of  transpiration 
falls  short  of,  or  exceeds,  this  optimnm,  the  nutrition  of  the  plant 
sufPers,  as  shown  by  a  diminished  formation  of  organic  substance. 

§  8.  Distribution  of  Water  and  other  Substances.  It  is 
clear  that,  when  the  plant-body  is  so  far  differentiated  that  only 
certain  parts  of  it  are  in  a  position  to  absorb  water  and  substances 
in  solution  from  without,  there  must  be  a  distribution  of  the  ab- 
sorbed substances  from  the  absorbent  Bui*faces  to  the  other  parts. 
Further,  when  the  plant-body  is  differentiated  into  parts  which  do, 
and  others  which  do  not,  contain  chlorophyll,  there  must  be  a 
distribation  of  the  produced  organic  substance  from  the  former  to 
the  latter. 

In  plants  of  relatively  low  organisation,  the  distribution  takes 
place  entirely  by  diffusion;  by  simple  diffusion  when  the  plant  is 
a  coenocyte  ;  by  diffusion  through  the  cell-walls,  that  is  by  osmosis, 
when  the  plant  is  multicellular:  and  even  in  the  highest  plants 
diffusion  plays  an  important  part. 

With  regard,  first,  to  the  distribution  of  water  and  substances 
absorbed  in  solution  from  without,  in  the  more  highly  oi^gaoised 
plants.  In  these  plants,  as  already  stated,  the  conducting  tissue  is 
the  wood  or  xylem  of  the  vascular  bundles,  extending  from  the 
roots,  the  absorbent  organs,  to  the  leaves,  the  transpiring  organs. 

With  regard  to  the  mechanism  by  which  the  water  absorbed  by 
the  roots  is  conveyed  to  the  leaves,  it  must,  in  the  first  place,  be 
clearly  understood  that,  as  already  mentioned  (p.  678),  the  xylem 
does  not  communicate  directly  with  the  atmosphere,  but  is  a  com- 
pletely closed  tissue-system.  The  mode  in  which  water  and  sub- 
stances in  solution  are  introduced  into  this  closed  tissue-system  in 
the  root  is  as  follows : — The  root-hairs  absorb  water  from  the 
soil ;  the  absorbed  water  passes  by  osmosis  from  the  root-hairs 
into  the  adjacent  cortical  parenchymatous  cells  of  the  root ;  these 
cells  become  highly  turgid,  and  when  a  certain  degree  of 
turgidity  is  attained,  the  water  escapes  by  filti-ation  under 
pressure  from  the  innermost  parenchymatous  cells  into  the  xylem- 
vessels  upon  which  they  abut.  The  water  in  thus  forced  into  the 
xylem  under  considei^able  pressure,  which  is  termed  the  root- 
pressure.  In  the  leaves,  water  is  withdrawn  from  the  xylem  by 
the  adjacent  cells  which  absorb  it  osmotically,  and  from  these  in 
turn  by  those  which  are  actually  transpinng. 
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I'he  Boot' Pressure.  The  existence  of  the  root-pressare  can  be 
easily  ascertained.  It  is  manifested  spontaneonsly  by  that  exuda- 
tion of  drops  on  the  mar^n  of  the  leaves  of  low-growing  plants 
dnring  the  night,  to  which  allusion  has  already  been  made  (p.  699). 
An  artificial  manifestation  of  it  is  indnced  in  stems  which  are  cut 
across  at  a  time  when,  owin$^  to  active  absorption  and  feeble 
transpiration,  the  plants  are  rich  in  water ;  drops  exnde  from  the 
xylem-vessels  at  the  cnt  snrface  of  that  part  of  a  stem  which  is 
still  in  connexion  with  the  i*oot.  A  familiar  case  of  this  is  the 
"bleeding"  of  certain  shrubs  and  trees  when  pruned  in  the 
spring.  It  is  possible,  in  this  way,-  to  estimate  both  the  activity 
and  the  force  of  the  root- pressure.  By  collecting  the  water  which 
exudes  from  the  cnt  surface  of  the  stem,  the  amount  of  water 
absorbed  by  the  root  in  a  g^ven  time  is  determined  ;  and  by 
attaching  a  mercurial  manometer  to  the  cut  surface  of  the  stem 
the  force  of  the  root-pressure  can  be  measured.  For  instance, 
8,025  cubic  millimetres  of  liquid  were  collected  from  a  Stinging 
Nettle  in  99  hours ;  and  the  root-pressure  required  a  column  of 
mercury  354  millimetres  in  height  to  counterbalance  it :  in  other 
words,  the  root-pressure  of  the  Nettle  was  nearly  half  an 
atmosphere,  and  was  capable  of  supporting  a  column  of  water 
about  15  feet  high. 

The  essential  point  in  the  mechanism  of  the  root-pressure  is 
the  forcing  of  liquid  by  filtration  under  pressure  from  the  paren- 
chymatous cells  into  the  xylem.  The  process  is  probably  to 
be  explained  somewhat  in  this  way.  When  a  certain  degree  of 
tnrgidity  is  attained  in  the  parenchymatous  cells  abutting  on  the 
xylem,  their  motile  protoplasm  undergoes  a  molecular  change,  in 
consequence  of  which  it  becomes  permeable  and  ceases  to  offer 
resistance  to  the  escape  of  the  cell-sap ;  consequently,  under  the 
elastic  contraction  of  the  distended  cell- walls,  a  portion  of  the  cell- 
sap  is  forced  out  of  the  cell.  This  molecular  change  in  the  state  of 
aggregation  of  the  protoplasm  of  the  parenchymatous  cells  probably 
takes  place  at  more  or  less  regular  intervals,  so  that  there  is  a 
sort  of  rhythmic  pumping  of  liquid  into  the  xylem  of  the  root. 
From  this  point  of  view,  the  root-pressure  of  a  plant  is  simply  the 
expression  of  the  force  of  the  elastic  contraction  of  the  cell- walls 
of  the  parenchymatous  cells  abutting  on  the  xylem-bundles  in  the 
root. 

With  regard  to  the  external  conditions  which  affect  the  root- 
pressure,  the  most  important  is  the  temperature  of  the  soil;  a 
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rise  of  temperatni'e  np  to  the  optima m  increases  the  root-pressare, 
but  any  farther  rise  caoses  it  to  diminish,  and  if  the  soil  be 
heated  so  as  to  kill  the  roots,  the  root-pressure  altogether  dis- 
appears. In  any  case  the  force  of  the  root-pressure  is  not 
uniform,  but  varies ;  and  the  more  considerable  variations  occur 
in  such  a  way  as  to  constitute  a  well-marked  daily  period.  The 
exact  periodicity  depends  partly  on  the  age  of  the  plant,  and 
partly  on  the  conditions  under  which  it  has  been  living:  it 
may  be  generally  described  as  follows : — The  force  of  the  root- 
pressure  is  least  during  the  early  morning  hours  ;  it  then  gradually 
increases,  reaching  its  maximum  early  in  the  aftei*noon,  and  then 
it  diminishes  during  the  evening  and  night  until  the  minimnm 
is  attained  early  the  following  morning.  Thus  there  is  a  period 
of  about  twelve  hours  between  the  occurrence  of  the  minima  and 
the  maxima,  and  there  can  be  no  doubt  that  this  periodicity  has 
been  induced  by  the  periodic  changes  in  the  external  conditions 
accompanying  the  alternation  of  day  and  night. 

The  liquid  forced  into  the  tracheal  tissue  is  by  no  means  pure 
water;  it  holds  various  substances  in  solution,  such  as  mineral  salts 
absorbed  from  the  soil ;  in  the  spring  it  is  relatively  rich  in  orgaiiic 
substances,  such  as  proteids,  sugar,  acids,  colouring- matters,  etc., 
derived  from  the  reserves  stored  in  the  parenchymatous  cells  of 
the  root,  which  are  being  conveyed  to  the  opening  buds. 

The  Transpiration- Cur  rent.  The  mechanism  by  which,  aftei-  the 
liquid  has  been  forced  into  the  xylem  of  the  root,  a  suificient 
current  is  maintained  through  the  stem  of  a  lofty  tree  to  supply 
the  actively  transpiring  leaves,  is  still  one  of  the  incompletely 
solved  problems  of  physiology. 

It  might  be  assumed  that  the  transpiration-current  is  main- 
tained simply  by  the  root-pressure.  There  is  no  doubt  that,  in 
low-growing  plants  (see  p.  701),  the  root- pressure  is  suflScient  to 
force  liquid  to  all  parts  of  the  plant ;  and  this  is  probably  true  also 
of  lofty  trees.  The  objection  is  that  no  root-pressure  can  be  de- 
tected at  any  time  in  a  great  many  plants,  and  that  it  can  never 
be  detected  in  any  plant  at  the  time  when  transpiration  is  active, 
when,  on  the  contrary,  there  is  negative  pressure  (p.  699)  in  the 
vessels.  Moreover,  a  transpiration -current  is  maintained  for  a 
time  bj  entire  plants  whose  roots  have  been  killed  by  heat,  as  also 
by  cut-off  shoots. 

It  has  been  suggested  that  the  current  is  maintained  by  a 
repetition  of  the  root-pressure-action  at  various  levels  in  the  stem^ 
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water  being  absorbed  and  then  retnmed  ander  pressure  into  the 
vessels  by  the  adjacent  parenchymatous  cells.  This  view,  based 
principally  on  anatomical  facts,  is  supported  by  but  little  direct 
evidence,  although  it  has  been  ascertained  in  certain  cases  that 
the  parenchymatous  cells  of  the  stem  are  capable  of  forcing 
liquid  into  the  xylem :  for  instance,  when  a  piece  of  a  grass- 
haulm  is  placed  with  its  lower  end  in  wet  sand,  drops  of  water 
may  be  observed  to  exude  from  the  upper  cut  surface  after  a 
time.  But  in  view  of  the  fact  that  the  transpiration-current  can 
be  maintained  through  a  considerable  length  of  stem  killed  by  heat, 
as  also  of  the  fact  that  fatally  poisonous  solutions  may  be  thus 
conveyed  op  wards  through  the  wood  for  a  length  of  time  which 
ensares  the  death  of  all  the  adjacent  parenchymatous  cells,  it  is 
difficult  to  see  how  this  theory  can  be  maintained. 

It  has  also  been  suggested  that  the  cunlsnt  is  due  to  purely 
physical  causes,  such  as  capillarity  and  the  difiEerence  between 
the  pressure  of  the  external  atmosphere  and  the  lower  pressure  of 
the  g^es  in  the  xylem  of  the  plant,  or  the  differences  of  pressure 
of  the  gases  in  the  lower  and  upper  parts  of  the  plant.  With 
regai*d  to  capillarity,  it  need  only  be  pointed  out  that  in 
many  cases  (e,g.  ConifersB)  the  conducting- tissue  of  the  xylem 
does  not  consist  of  continuous  capillary  tubes,  but  of  closed 
tracheids;  here  it  is  impossible  for  a  column  of  water  to  be 
raised  by  capillarity,  and  yet  the  current  is  maintained;  and 
even  in  plants  with  continuous  xylem-vessels,  the  force  of  capil- 
larity would  be  altogether  inadequate  for  the  maintenance  of  the 
current.  With  regard  to  the  *'  gas-pressure- theory,"  it  will  suf- 
fice to  point  out  that,  even  if  it  were  well-founded,  it  could  only 
account  for  the  raising  of  water  in  the  plant  to  a  height  of  thirty- 
two  feet  at  the  utmost ;  but  it  is  not  well-founded,  for  inasmuch 
as  the  xylem-system  is  air-tight,  being  shut  off  from  all  commu- 
nication with  the  external  air  (see  p.  678),  the  movement  of  fluids 
within  it  is  in  no  degree  affected  by  the  atmospheric  pressure, 
and  the  internal  differences  of  gas-pressure  are  altogether  in- 
adequate. However,  though  neither  capillarity  nor  differences  of 
pressure  can  be  regarded  as  the  active  cause  of  the  current,  the 
maintenance  of  the  current  is  affected  both  by  the  capillarity  of 
the  vascular  tissue  through  which  it  travels,  and  by  the  varying 
pressure  of  the  gases  which  that  tissue  may  contain. 

Two  facts  have  been  made  clear  by  the  foregoing  considerations : 
first,  that  the  water  contained  in  the  wood  is  readily  mobile,  a 
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fact  which  has  been  proved  beyond  question  by  special  experi- 
ments :  second,  that  the  only  force  remaining  to  which  the  move- 
ment of  the  transpiration-carrent  in  the  stem  can  be  attributed,  is 
that  of  the  osmotic  absorption  of  water  from  the  tracheal  tissue 
by  the  adjacent  cells  of  the  leaves  when  transpiration  is  i^oing 
on.  In  accordance  with  these  facts  it  has  been  suggested  that 
the  water  travels  molecularly  through  the  substance  of  the 
ligni6ed  cell-walls,  the  water  taken  up  from  the  wood  by  the 
transpiiing  leaves  being  at  once  replaced  by  fresh  molecules 
coming  up  from  below.  The  merit  of  this  view,  known  as  the 
**  imbibition-theory,"  is  that  it  overcomes  the  difficulty  of  account- 
ing for  the  raising  of  water  through  the  cavities  of  the  tracheal 
tissue ;  for  the  molecules  of  the  water  thus  conceived  of  as  being 
held  in  the  substance  of  the  cell-walls  will  travel,  like  the  mole- 
cules of  a  gas,  in  the*  direction  of  least  resistance,  that  is,  towards 
the  transpiring  organs.  Moreover  it  is  true  that  the  transpiration- 
current  will  only  travel  through  wood  the  walls  of  which  are 
saturated  with  water.  But  it  is  objected  to  this  theory  that  it 
does  not  accord  with  the  fact  that  any  diminution  or  interruption 
of  the  lumina  of  the  vessels,  by  compression  for  instance,  or  by 
section,  diminishes  or  arrests  the  transpiration-current;  clearly 
this  ought  not  to  be  the  case  if  the  current  travels  exclusively  in 
the  walls.  Moreover  it  has  been  ascertained  that  the  actually 
conducting-tissne  of  the  wood  always  contains  water  in  its  cavities 
even  when  transpiration  is  most  active,  though  bubbles  of  gas  are 
also  present,  at  any  rate  in  the  wider  vessels  or  tracheids. 

The  conclusions  to  be  drawn  as  to  the  mechanism  of  the  trans- 
piration-current in  lofty  trees,  may  be  stated  as  follows.  In  the 
spring  the  wood  is  full  of  water  forced  into  it  by  root- pressure. 
When  the  leaves  unfold,  and  begin  to  transpire,  water  is  gradually 
withdi-awn  from  the  conducting  tracheal  tissue,  and  the  tissue  is,  at 
any  rate  for  the  most  part,  occupied  by  a  system  of  short  columns 
of  water  with  intervening  gas-bubbles,  the  columns  of  water  being 
in  communication  by  delicate  films  along  the  cell-walls.  If  the 
whole  of  the  tracheal  tissue  be  in  this  state,  it  is  suggested  that 
as  water  is  withdrawn  from  the  upper  part  of  the  wood  by  the 
transpiration  of  the  leaves,  a  current  is  set  up,  the  water  travelling 
along  the  cell-walls,  between  them  and  the  gas-bubbles.  But  it 
may  be  that  a  continuous  system  of  tracheids  completely  filled 
with  water  is  maintained,  and  that  it  is  through  this  that  the 
current  travels.     The  conducting-tissue  is  supplied  with  water. 
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in  the  first  instance,  from  that  which  fills  the  non-condactin^ 
tKssne  of  the  wood  (and  the  old  wood  or  dnramen,  if  present),  and 
nltimatelj  by  the  root.  It  may  be  thonght  that  the  snction  dne 
to  transpiration  would  be  incapable  of  maintaining  the  cnrrent; 
bat  this  difficulty  is  met  by  the  consideration  that  the  water  is 
held  in  position  by  the  capillarity  and  the  cellular  structure  of 
the  tracheidal  tissue,  and  that  the  system  of  columns  of  water 
and  gas-bubbles  does  not  move  as  a  whole,  since  the  latter  cannot 
pass  the  pit-membranes  of  tracheids.  Moreover  the  force  of 
transpiratory  suction  is  considerable,  though  it  has  not  been 
accurately  measured. 

The  DistribuHon  of  Organic  Plastic  Substances,  These  substances 
may  be  generally  stated  to  consist  of  organic  substances  of  two 
kinds,  nitrogenous  and  non-nitrogenous,  and  these  are  distributed 
through  different  channels. 

1.  The  nitrogenous  substances  travel,  in  plants  or  in  parts  of 
plants  which  are  not  supplied  with  vascular  tissue,  in  the  form 
of  amides  (see  p.  707)  by  osmosis  from  cell  to  cell.  But  in 
vascular  plants  it  is  known  that  they  also  travel  in  the  sieve- 
tissue  from  one  member  of  the  plant  to  another,  in  the  form  of 
indiffusible  proteids.  There  is  no  evidence  that  the  very  slow 
movement  of  the  contents  of  the  sieve-tubes  is  efFected  by  any 
special  mechanism ;  it  appears  to  be  simply  induced  by  the  de- 
mand for  these  substances  at  any  points,  and  it  is  doubtless 
promoted  by  the  swaying  of  the  stem  and  branches. 

2.  The  non-nitrogenous  substances  travel  through  the  plant  in 
the  form  of  glucose  and  maltose  (see  p.  708),  in  solution ;  they 
travel  by  diffusion  from  cell  to  cell,  and  more  especially  in  the 
elongated  parenchymatous  cells,  forming  the  conducting-sheath, 
which,  in  the  leaf,  consists  of  mesophyll-cells  closely  investing  the 
vascular  bundles,  and,  in  the  stem,  belongs  to  the  inner  cortex. 
This  layer  is  *  not  the  endodermis,  but  lies  externally  to  it :  the 
endodermis  frequently  contains  starch -grains,  and  is  sometimes 
termed  the  starch-sheath,  but  it  is  rather  a  depository  than  a  con- 
ducting-tissue. 

The  direction  in  which  organic  substances  travel  in  the  plant 
Heems  to  be  determined  simply  by  the  demand  for  them.  Just  as 
the  water  and  the  substances  in  solution  absorbed  by  the  roots 
travel  to  the  transpiring  and  assimilating  organs,  so  the  organic 
substances  produced  in  the  assimilating  organs  travel  in  the 
plant  to  those  parts  in  which  organic  substance  is  either  being 
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used  in  growth,  or  is  being  stored  np  as  reserve  material.  In  a 
Potato-plant,  for  example,  part  of  the  organic  substance  formed 
in  the  leaves  travels  to  the  growing-points  of  the  roots  and  of  the 
shoots,  where  it  is  required  for  the  development  of  new  leaves, 
flowers,  branches,  etc.,  whilst  the  residue  travels  to  the  under- 
ground shoots  which  are  develop] ug  into  tubers  and  are  storing  up 
quantities  of  starch.  Similarly,  these  organic  substances  travel 
apparently  by  the  same  channels  and  in  the  form  of  the  same 
chemical  compounds,  from  organs  which  serve  as  depositories  of 
reserve  material,  when  these  stores  are  drawn  upon  to  supply  the 
growth  of  developing  parts.  For  instance,  when  a  Potato-tuber 
begins  to  sprout,  the  starch,  which  is  the  principal  reserve 
material,  is  drawn  upon,  being  gradually  converted  into  sugar, 
in  which  form  it  travels  to  the  growiag -points  of  the  young 
shoots  and  supplies  a  lai^e  proportion  of  the  plastic  material 
necessary  for  their  growth. 

§  9.  Metabolism.  This  subject  will  be  subdivided  into:  1, 
Chemical  Composition ;  2,  Food  of  Plants ;  3,  Anabolism ;  4,  Cata- 
holism  ;  5,  Products  of  Metabolism ;  6,  Supply  and  Expenditure  of 
Energy. 

1.  Chemical  Composition.  As  a  preliminary,  a  general  acoount 
of  the  chemical  composition  of  plants  will  be  given. 

All  parts  of  living  plants  contain  a  considerable  quantity  of 
water :  this  forms  not  merely  the  principal  constituent  of  the  cell- 
sap,  but  also  saturates  the  cell-walls,  the  protoplasm,  in  short,  all 
organised  structures;  it  is,  in  fact,  one  of  the  peculiarities  of  or- 
ganised structures  that  minute  particles  of  water  are  interposed 
between  the  particles  of  solid  matter  of  which  they  consist.  By 
heating  to  100°  or  110°  C,  all  the  water  contained  in  any  part  of 
a  plant  is  expelled,  and  in  consequence  it  will  naturally  lose 
weight.  The  amount  of  this  loss,  that  is,  the  quantity  of  contained 
water,  is  very  different  in  various  plants ;  ripe  seeds  dried  in  the 
air  contain  from  12  to  15  per  cent,  of  water,  herbaceous  plants  60 
to  80  per  cent.,  and  many  water-plants  and  Fungi  as  much  as 
95  per  cent,  of  their  whole  weight. 

The  residue,  which  gives  off  no  more  water  at  a  heat  of  100°  C, 
the  dry  solid,  consists  of  a  great  variety  of  chemical  compounds ; 
these  are  partly  organic^  that  is  to  say,  combinations  of  carbon 
with  other  elements,  and  partly  inorganic.  These  organic  sub- 
stances which  occur  in  the  living  plant  (with  the  exception  of 
salts  of  oxalic  acid)  all  contain  hydrogen.     Some  of  them,  such  as 
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many  oils,  consist  of  these  two  elements  only  (carbon  and  hydro- 
gen), bnt  by  far  the  greater  number,  including  cellulose,  starcb, 
and  sugar,  as  well  as  the  vegetable  acids  and  certain  oils,  contain 
oxygen  also.  The  proteid  substances  consist  of  carbon,  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  sometimes  phosphorus;  in  other 
bodies  which  contain  nitrogen,  as  asparagin  and  many  alkaloids, 
there  is  no  sulphur  or  phosphorus ;  from  certain  other  alkaloids, 
for  instance  nicotin,  oxygen  is  also  absent. 

The  commoner  organic  substances  of  which  the  plant-body 
consists  may,  in  the  first  instance,  be  divided  into  those  which 
do  and  those  which  do  not  contain  nitrogen  in  their  molecule. 

The  most  important  nitrogenous  Bubstanoes  may  be  classified  as  follows : — 

1.  ProUidt :  these  are  sabstanoes  with  a  large  molecule  of  oomplex  constita- 
tion,  to  which  no  chemical  formula  has  yet  been  assigned ;  they  may  be  solable 
or  insolable  in  wateri  and  when  solable  are  mostly  indifFusible ;  they  are  gener- 
ally of  a  yiscid  nature  (lil^e  white  of  egg)  and  are  rarely  crystallisable.  Of  these 
there  are  scYeral  yarieties : — 

a.  Insoluble  Praieids :  do  not  dissolve  even  in  dilate  acids  or  alkalies :  e.g. 

coagulated  proteid. 
h.  Albuminates :  insoluble  in  water  or  solntions  of  neutral  salts,  bat  solable 

in  dilate  acids  or  alkalies,  sometimes  solable  in  dilate  alcohol:  e.g. 

gluten  of  wheat. 
e.  Globulins:  insolable  in  water,  but  solable  in  solntions  of  neutral  salts 

(sach  as  NaCl)  and  cosgulated  on  boiling,  sometimes  crystallisable: 

these  enter  largely  ioto  the  composition  of  aleuron  (see  p.  112);  the 

crystalloids  in  the  potato  and  in  some  aleuron-grains   {e.g.  Bicinas, 

Bertholletia)  consist  of  a  kind  of  globulin  (vitellin). 

d.  Albumins :  solable  in  water,  coagolated  on  boiling :  rare. 

e,  AlbumoMs :  soluble  in  ^ater,  not  coagulated  on  boiling,  bat  precipitated  by 

a  small  quantity  of  nitric  or  acetic  acid,  and  soluble  in  excess :  a  common 
constituent  of  alearon. 
/.  Peptones :  solnble  in  water,  not  precipitated  by  boiling  or  by  acids ;  present 
in  germinating  seeds. 

2.  Amides  (or  Amido-acids) :  these  substances  are  solable  in  water,  not 
coagulated  on  boiling,  difiTasible,  and  crystallisable.  Those  commonly  occurriug 
in  plants  are  Asparagin  (C4H8N,08),  Leucin  (('laH^NsOJ,  Tyrosin  (CgHaNO,). 

3.  Alkaloids:  these  substances  are,  chemically,  organic  bases,  occurring  in 
plants  in  combination  with  organic  acids ;  they  are  insolable  or  but  slightly 
solable  in  water,  solable  in  alcohol ;  most  of  them  are  solid  at  ordinary  tem- 
peratures, and  are  crystalline,  whilst  others  are  liquid  (Coniin,  Kicotin) ;  they 
are  generally  poisonous. 

The  more  familiar  alkaloids  are  Coniin  (CgHijN)  from  Conium;  Nicotin 
(CioHuN,)  from  Tobacco ;  Morphin  (CiyHigNOa^,  and  other  opium-alkaloids 
from  the  Poppy ;  Strychnin  (CjiHjjNjO,)  from  Sirijchnos  Nux  vomiea ;  Quiuin 
(C^RjjNjOj)  from  the  Cinchona ;  Thein  (CgHjoN^Og)  from  Tea ;  Theobromin 
{Cj  Hfl  N4  0|)  from  Theobroma  Cacao, 
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Some  colouring-matfer*  are  also  iiiirogenous  {e.g,  chlorophyll,  and  indigo 
CgHjNO),  as  also  some  glucosidea  (see  Uelow). 
The  priDcipal  non-nitrogenuud  substances  are  : — 

1.  Carbohydratei :  substances  consisting  of  G,  H.  and  0,  the  H  and  O  being 
present  in  the  same  proportions  as  in  water  (H^O) ;  of  these  there  are  the 
following  classes : 

a.  Amyloses  :  general  formula  n  {C^U^qO^)  ;  of  these  cellulose  and  »tareh  are 

the  most  common,  the  former  entering  largely  into  the  composition  of 
cell- walls,  the  latter  occurring  as  a  reserve  material  in  the  form  of  starch- 
grains  ;  they  are  neither  of  them  solnble  in  water  under  ordinary  circun- 
stances :  dextrin  or  amylin^  a  product  of  the  action  of  diastase  on  starch, 
is  soluble  in  water  but  not  crystallisable :  inulin  occurs  in  muny  Com- 
positie  and  allied  orders  (Gampanulaces,  Lobeliaeeie)  in  solution  in  the 
cell-sap ;  it  is  slightly  soluble  in  cold  water  and  is  crystallisable.  The 
gums  and  mucilages  also  belong  to  this  group. 

b.  Sucroset :   CisH^sOn  :     soluble  m  water  and  crystallisable :    cane-sugar 

occurs  in  many  plants  (esp.  Sugar-cane  and  Beetroot) ;  maltose  is  the 
chief  prodoet  of  the  action  of  diastase  on  starch. 

c.  Glucoaes :    CeHigOe :   soluble  in  water  and  crystallisable :   they  oocor  in 

fruits  (grape-sugar). 

The  sucroses  and  glucoses  are  commonly  known  as  sugars. 

A  substance  termed  AJannite  (GeHi^Og)  occurs  in  the  cell- sap  of  Fraxinit 
Oi'hu*  and  some  other  plants  :  though  not  a  carbohydrate,  it  is  closely  allied  to 
tills  group  ;  crystallisable,  but  not  readily  soluble  in  water.  The  glucoses  are 
derivatives  (aldehydes)  of  mannite  (an  alcohol). 

2.  Organic  Acids:  these  occur  in  the  plant  either  free  or,  more  commonly, 
as  neutral  or  acid  salts  in  combination  with  organic  or  mineral  bases ;  some 
are  constituents  of  the  fats  and  fixed  oils  {e.g.  palmitic  and  oleic  acids ;  see 
below) :  the  more  common  are  oxalic  acid  (H|Gs04),  malic  acid  (HiCfH^O^), 
tartaric  acid  (H,G4H40e),  citric  acid  (HgGeHjOy). 

8.  Gtueusides  :  substauces  of  complex  constitution  which  owe  their  nanoie  to 
the  fact  that  they  give  rise,  on  decomposition,  to  glucose  among  other  produpts: 
such  are  amygdaiin,  GsoH^jNOh  (seeds,  etc.,  of  many  Bosaceie);  eoniferiji, 
GieHssOg  (coniferous  wood) ;  myrosin,  or  myronate  of  potash,  EGioHieNSjOj^ 
(beeds  of  Mustard) ;  salicin,  GitHj^Or  (in  hark  of  Willows  and  Poplars) ;  gallv- 
tannin,  C^H^eO,,  (in  Oak-bark). 

Though  some  of  these  substances  {e.g.  amygdaiin  and  myrosin)  contain 
nitrogen,  it  is  more  convenient  to  classify  them  with  the  more  numeroos  non- 
nitrogenous  glucosides. 

4.  Fats  and  tixed  Oil* :  these  substances,  as  they  occur  in  the  seeds  and 
fruits  of  plants,  are  mixturei  of  free  fatty  acids  with  glycerin-compounds 
(glycerides)  of  fatty  acids;  thus  palm-oil  is  a  mixture  of  palmitic  and  oleic 
acids  with  their  glycerides  yalmitin,  GaH5(CiaH3iO)sO,,  which  is  a  solid  fat, 
and  olcin,  G^iX^i^^O)^0^,  which  is  a  fluid  fat  or  oil :  oUve-oil  consists 
chiefly  of  olein  with  some  palmitin :  castor-oil,  of  ricinolein  (the  glyceride  of 
ricinoleic  acid)  and  stearin  (the  glyceride  of  stearic  acid):  linseed-oil,  of  linulein 
(the  glyceride  of  liu oleic  acid)  and  palmitin. 

5.  Essential  or  Volatile  Oils :    these  substances  occur  in  various  parts  ol 
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plants  (flowers,  fruit,  ete.).  and  it  is  to  them  that  the  odours  of  plants  are 
chiefly  due.  They  usually  consist  of  a  mixture  of  oxygenated  compounds  with 
hydrocarbons  of  either  the  formula  GioH^  (terpenes)  or  CisH^^ :  many  of  the 
oxygenated  compounds  are  solids  held  in  solution  in  the  liquid  hydrocarbon  ; 
thus,  turpentine  (from  Conifers)  is  a  solution  of  r^i7i  (or  abiotic  anhydride, 
^44^1^4)  in  the  terpene  called  terebene ;  camphor-oil  consists  of  camphor 
(GioHj^O),  a  solid  substance,  dissolved  in  a  terpene ;  oil  of  cloves  consists 
chiefly  of  eugenol  (G^oHttOi)  with  a  hydrocarbon  G^Hf^.  Some  essential  oils 
consist  simply  of  a  single  substance  the  composition  of  which  is  various ;  thus, 
oil  of  bitter  almonds  is  an  oxygenated  substance,  CyHeO  (benzoic  aldehyde); 
oil  of  mustard  is  a  sulphur-containing  nitrogenoos  substance,  GgH^fNCS  (allylic 
isothiocyanate).  « 

Allied  to  these  hydrocarbons  are  the  solid  substances  eaotUehoue  and  gutta* 
pereha  which  occur  in  milky  latex :  they  have  the  composition  ii(C5H8). 

The  organic  componnds  can  for  the  most  part  be  resolved  into 
volatile  products — chtiefly  carbonic  acid,  water,  and  nitrogen — by 
exposure  to  gre^t  beat  with  free  access  of  air,  that  is,  by  combus- 
tion. The  inorganic  residue  is  a  white,  or,  if  the  combustion  is 
imperfect,  a  grey  powder,  the  ash. 

As  the  result  of  chemical  processes  attending  the  combustion, 
the  sulphur  and  phosphorus  previously  contained  in  the  organic 
compounds  appear  as  sulphates  and  phosphates  in  the  ash,  and  the 
carbonic  acid  formed  during  combustion  combines  with  some  of 
the  inorganic  substances.  These,  therefore,  must  not  be  included 
in  an  accurate  estimate  of  the  constituents  of  the  ash. 

The  ash  usually  constitutes  but  a  small  percentage  of  the  whole 
dry  solid  of  the  plant.  The  amount  of  ash  increases  with  the  age 
of  the  plant,  or  of  any  part  of  it,  inasmuch  as  there  is  no  appi'eci- 
able  excretion  by  the  plant  of  the  mineral  substances  absorbed. 
The  percentage  of  ash  in  the  dry  solid  of  the  plant,  or  of  any 
organ,  may  vary  widely  at  diif  erent  times.  The  following  analyses 
of  various  portions  of  plants  will  give  an  idea  of  its  amount  and 
composition  : — 
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2.  The  Food  of  Planb$.  The  constituents  of  the  ash  do  not 
form  a  merely  accidental  mixtare ;  it  has  been  proved  by  experi- 
ment that  certain  inorganic  compounds  are  absolutely  necessary 
to  the  life  of  the  plant.  Those  chemical  elements  which  the 
plant  requires  for  its  nutrition,  and  which  must  therefore  be  re- 
garded as  part  of  its  food,  are : — 

L  Non-metallic  Elements : — Carbon,  hydrogen,  oxygen,  nitro- 
gen, sulphur,  phosphorns,  and  perhaps  chlorine.  It  must, 
however,  be  clearly  understood  that  all  these  elements 
also  exist  in  the  plant  to  some  extent  as  inorganic  coio- 
pounds,  carbonates,  nitrates,  phosphates,  sulphates,  of  the 
metals  mentioned  below. 
IL  Metallic  Elements : — Potassium,  calcium,  magnesium,  iron. 

Besides  these  we  find  in  the  ash  of  many  plants — though  they 
cannot  be  regarded  as  essential  to  nutrition — the  following  ele- 
ments :  sodium,  lithium,  manganese,  silicon,  iodine,  bromine,  and 
in  rare  cases,  also  aluminium,  copper,  zinc,  cobalt,  nickel,  stron- 
tium, and  barium.  Fluorine  must  also  exist  in  vegetables,  for  it 
is  found  in  a  perceptible  quantity  in  the  dentine  of  animals  which 
feed  directly  or  indirectly  on  vegetables. 

The  essential  elements  of  the  food  will  now  be  severally  dis- 
cussed. 

Carbon,  Plants  which  possess  chlorophyll  obtain  their  carbon 
mainly  from  the  air  (or,  in  the  case  of  submerged  plants,  from  the 
water)  in  the  form  of  carbon  dioxide.  The  absorption  of  carbon 
dioxide  is,  however,  limited  to  those  cells  which  actually  contain 
chlorophyll,  and  it  can  only  go  on  even  in  those  cells  so  long  as 
they  are  exposed  to  sufficiently  intense  light. 

Although  plants  possessing  chlorophyll  can  and  do  use  carbon  dioxide  as 
carbonaceoQS  food,  yet  there  is  reason  to  believe  that  they  may  supplement  this 
by  absorbing  more  oomplez  oarbon-componnds  from  the  soil  by  their  roots. 
Thus,  a  remarkable  case  of  symbiosis  (see  p.  278),  has  been  observed  in  various 
plants  (especially  trees  belonging  to  CorylaceaB  and  Fagaoes) :  the  absorbent 
region  of  the  roots  is  more  or  less  closely  covered  by  a  felt-work  of  fungos- 
myoelinm,  the  whole  strnctnre  being  termed  tnycorhixa :  it  is  suggested,  and  the 
suggestion  is  based  principally  on  the  fact  that  the  development  of  the  myoorhixa 
is  the  more  marked  the  richer  the  soil  in  decomposing  organic  matter  (humns), 
that  the  fungus  promotes  the  absorption  of  the  organic  matter  by  the  roots  of 
the  tree.  In  certain  other  cases  (eg,  Drosera,  Dionaea,  Utricnlaria,  etc.),  green 
plants  are  provided  with  a  special  mechanism,  in  the  form  of  modified  leaves, 
for  obtaining  a  supply  of  organic  carbon-compounds.    Such  plants  are  said  to  be 
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eamivormu.  The  case  of  Droaera  may  be  seleeWd  for  illnBtration.  The  npper 
surface  and  the  margin  of  a  leaf  of  this  plant  bears  nnmerons  glaodnlar  appen- 
dages, the  tentacles  (see  Fig.  42,  p.  66).  The  glands  at  the  ends  of  the  tentacles 
eontinnally  excrete  a  Tisoid  liqnid.  When  an  insect  comes  into  contact  with 
one  of  the  marginal  glands,  it  sticks  to  it ;  this  stimulates  the  tentacle,  and  it 
moyes,  curving  inwards  to  the  centre  of  the  leaf,  and  gradaally  the  other 
marginal  tentacles  inoorre  oyer  the  insect  (Fig.  42  B).  The  glands  then  secrete 
an  acid  liquid  containing  a  digestire  ferment  which  acts  upon  and  dissoWes  the 
soft  parts  of  the  insect,  and  the  products  of  this  digestipn  are  absorbed. 

Plants  which  do  not  possess  chlorophyll  are  incapable  of  nsing 
carbon  dioxide  as  carbonaceons  food,  bnt  reqnire  more  complex 
carbon- compounds.  Such  plants  are,  all  Fungi,  and  among  the 
higher  plants,  Cuscnta  (Dodder),  Orobanche  (Broomrape),  Neottia, 
etc.,  though  in  some  of  these  latter,  a  small,  but  altogether  insig- 
nificant quantity  of  chlorophyll  has  been  detected.  These  plants 
absorb  the  complex  carbon-compounds  which  they  require,  either 
from  living  animals  and  plants,  or  from  the  decaying  remains  of 
animals  and  plants  :  in  the  former  case  they  are  termed  parasites, 
in  the  latter  saprophytes. 

The  most  common  parasites  are  those  which  are  nourished  by  other  plants, 
termed  Aoste,  and  each  parasite  has  its  own  peculiar  host,  and  possess  peculiar 
root-like  organs,  the  kauitoria  (see  p.  66),  by  which  they  are  attached  to  the 
host  and  absorb  their  nutriment.  They  frequently  have  a  prejudicial  effect 
upon  the  host,  and  sometimes  cause  malformations,  such,  for  instance,  as  the 
*'  witches*  brooms  *'  in  the  Silver  Fir,  which  are  produced  by  a  parasitic  rust- 
fungus,  the  JEddium  eloHnum,  Less  common  are  parasites  on  animals,  such 
as  the  Schizomycetes  (Bacteria,  etc.),  which  cause  various  diseases,  and  other 
Fungi,  like  Entomophthora,  which  is  parasitic  on  flies,  and  Cordyceps,  which 
is  parasitic  on  caterpillars. 

Some  of  these  parasites,  Cordyceps  for  instance,  can  live  saprophytically  to 
some  extent ;  these  are  potential  saprophytes.  On  the  other  hand,  there  are 
potential  parasites,  that  is,  plants  which  can  live  almost  as  well  parasiticaJly  as 
saprophyticaUy,  such  as  Agarieus  melleus,  which  grows  equally  on  living  trees 
and  on  dead  logs. 

It  is  remarkable  that  certain  plants  which  possess  chlorophyll  are  nevertheless 
parasitic  in  habit ;  for  instance,  Viscum  (the  Mistletoe)  which  is  parasitic  on 
various  trees,  Bhinanthas  (the  Battle)  and  other  Scrophulariacee,  also  Thesium 
(Bastard  Toad- flax),  which  are  attached  to  the  roots  of  other  plants  by  their 
haustoria.  The  nutritive  processes  of  these  green  parasites  are  not  yet  fully 
understood,  but  it  seems  probable  that  they  absorb  from  their  hosts  the  sub- 
stances wbich  they  should  normally  obtain  from  the  soil,  though  in  a  somewhat 
modified  form. 

The  great  majority  of  the  saprophytes  are  Fungi,  such  as  the  various  Agarics 
which  grow  in  the  soil  of  woods  (humus)  wliich  is  formed  by  decayed  leaves  aud 
is  rich  in  organic  matter ;  the  Moulds  and  Yeasts  which  grow  in  saccharine 
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juices,  or  fruits,  etc. ;  and  Baprolegnia  whieh  attaekn  tbe  corpses  of  animals. 
Some  of  these  Fungi,  notably  the  Yeaats  and  the  yariona  kinds  of  Bacteria 
(Schizomycetes),  are  peculiar  in  that  th^-y  not  only  decompose  tbe  am«>ant  of 
orgauio  substance  which  they  require  for  th«ir  nutrition,  but  they  giye  rise  to 
widespread  decompositions  which  are  known  as  fermentation  and  putrefaction. 
Amongst  the  higher  plants  there  are  many  saprophytes  which  grow  in  soils  rich 
in  humus :  tliey  may  be  almost  destitute  of  chlorophyll  {e.g.  Monotropa ; 
Neottta  and  some  other  Orchids) :  or  they  may  possess  it  in  considerable 
quantity  {e,g.  some  Orchids ;  Pyrola ;  Ericaceae ;  DiapensiaoeSB),  in  wliioh  case 
they  are  probably  only  partially  saprophytic ;  plants  of  this  kind  grow  mostly 
in  the  leaf-soil  of  forests,  or  in  peat  on  moors. 

Hydrogen.  The  hydrogen  of  the  plant  is  mainly  absorbed  in  the 
form  of  water  (H2O),  bat  it  may  also  be  absorbed  in  combination 
with  nitroj^eu  as  ammonia-compounds  (NH3),  and  also  in  com- 
bination with  carbon  when  complex  carbon-compounds  are 
absorbed  by  the  plant 

Oxygen  is  absorbed  in  combination  with  carbon,  as  COj,  and 
wuth  hydrogen,  as  H3O,  and  in  many  of  the  inorganic  salts  of  the 
food,  such  as  sulphates,  phosphates  and  nitrates,  as  well  as  in  more 
complex  carbon-compounds.  Oxygen  is  also  absorbed  uncombined, 
in  connexion  with  the  catabolic  processes,  in  respiration. 

Nitrogen,  which  is  an  essential  constituent  of  proteid  substan- 
ces, is  only  exceptionally  assimilated  in  the  fi*ee  form ;  although 
it  is  present  in  large  quantities  in  the  atmosphere,  a  plant  perishes 
if  the  soil  in  which  it  grows  contains  no  compounds  of  nitrogen. 
Nitrates  and  compounds  of  ammonia  are  widely  distributed,  and 
it  is  in  this  form  that  nitrogen  is  mainly  taken  up  by  plants  ;  it 
seems  probable  that  plants  possessing  chlorophyll  absorb  their 
nitrogen  in  the  form  of  nitrates  only. 

Although  it  is  usual  to  manure  green  crops  with  ammonia-compounds  («.^. 
sulphate  of  ammonia),  the  nitrogen  is,  nevertheless,  absorbed  in  the  form  of 
nitrates.  For  there  exist  in  the  soil  certain  Schizomycetes,  termed  NitrO' 
bacteria,  which  oxidise  the  ammonia-compoun'is  present  to  nitrites,  and  these 
again  to  nitrates.    This  oxidising  process  is  termed  nitrC/ication, 

Nitrogen  may  be  also  absorbed,  at  any  rate,  by  parasit-es,  sapro- 
phytes, and  carnivorous  plants,  in  the  form  of  nitrogenous  carbon- 
compounds  (see  pp.  710,  (592). 

Although  it  is  generally  true  that  plants  cannot  assimilate  unoombined  nitro- 
gen, nevertheless  certain  plants  (Papilioneffi,  such  as  Peas,  Beans,  etc.)  will 
grow  and  flourish  in  a  soil  fioio  which  all  traces  of  nitrogeu-compounds  have 
been  carefully  removed.  The  nature  of  the  means  by  which  this  result  is  at- 
tained is  not  yet  completely  determined,  but  the  principal  facts  arc  briefly  as 
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follows.  lu  Uie  first  place,  the  roots  of  these  papilionaoeoas  plants  have  heen 
found  to  bear  peculiar  gall-like  outgrowths  termed  tuherclen,  wbicU  seem  to 
be  more  numerous  and  larger  the  smaller  the  proportion  of  combiuei  nitrogen 
contained  in  the  soil.  The  tubtircles  are  the  result  o'f  the  attack  of  a  f  augus 
which  p-netrates  into  the  root  through  the  root-hairs.  The  green  plant  and 
the  fungus  appear  to  exist  in  a  state  of  symbiosis  (p.  273),  as  in  the  case  of  the 
myoorbiza  already  mentioned,  with  the  result  that  tbe  green  plant  is  adequately 
supplied  with  combined  nitrogen  although  growing  in  a  soil  from  which  such 
compounds  are  originally  absent.  In  explanation  of  these  facts  there  can,  first, 
be  no  doubt  that  the  supply  of  combined  nitrogen  obtained  by  the  green  plant 
is  ultimately  derived  from  the  free  nitrogen  of  the  atmosphere ;  and,  secondly, 
that  the  supply  is  not  obtained  from  the  atmosphere  directly  by  the  leaves,  but 
indirectly  by  the  roots  through  the  soil.  Nor  can  there  be  much  doubt  that  the 
tubercles  are  associated  with  the  process  of  the  assimilation  of  the  fren  nitro- 
gen :  but  it  is  a  question  whether  this  process  taKes  place  in  the  tubercle  itself ; 
or  whether  it  is  not  earned  on  in  the  soil  by  a  Sshizomycete,  which  may  either 
be  derived  from  the  tubercles,  or  be  an  independent  organism.  It  seems  prob- 
able that  the  latter  suggestion  is  nearer  the  truth.  It  is,  in  fact,  known  that 
a  baoterioid  organism  exists  in  the  soil  having  the  property  of  forming  nitro- 
genous compounds  from  free  nitrogen  in  the  presence  of  non-nitrogenous  orgaaic 
substance  {e.g.  glucose).  It  may  be  that  the  development  of  this  organism  is 
especially  favoured  by  the  presence  of  the  tubercular  roots  of  the  Papilionefie 
iu  the  soil,  and  that  the  nitrogeuous  substances  which  it  produces  are  absorbed 
by  tbe  roots  after  having  undeigone  nitrification  (see  p.  712). 

The  tubercles  are  structures  formed  by  the  hypei  trophy  of  the  cortex  of  tbe 
root,  resulting  from  the  attack  of  tbe  fungus  at  various  points  :  their  ccUh  are 
rich  in  sugar  and  starch :  the  brHuches  of  the  mycelium  penetrate  moHt  of  the 
cells,  and  there  bud  ofif  innumerable  gemmules  (sometimes  called  bacterioids). 
The  tubercle  eventually  becomes  disorgaoised ;  the  gemmules  are  then  set 
free  into  the  soil,  and  are  doubtless  the  means  by  which  other  roots  become 
attacked  by  the  fuugus. 

Sulphur  J  which  is  a  constitaent  of  prot^ids  and  a  few  other 
substances  occumng  in  plants,  sncli  as  oil  of  Mustard,  is  denved 
from  the  sulphates  of  the  soil. 

Phosphorus  is  absorbed  from  the  soil  in  the  form  of  phosphates, 
and  enters  into  the  composition  of  some  of  the  proteid  substances ; 
phosphates  constitute  a  large  proportion  of  the  ash  of  seeds. 

As  regards  Chlorine,  it  has  been  experimentallj  proved  so  far  to 
be  indispensable  in  the  case  of  one  plant  only,  the  Buckwheat 
{Polygonum  Fagopyrum). 

Jron,  though  it  is  met  with  in  very  small  quantities,  is  absolutely 
necessary  for  the  formation  of  chlorophyll.  The  leaves  produced 
by  plants  which  are  not  supplied  with  iron  during  their  growth, 
are  white  so  soon  as  their  own  stoi*e  of  iron  is  exhausted ;  these 
leaves,  which  are  said  to  be  chlorotic,  become  green  in  consequence 
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of  the  formation  of  chlorophyll  if  the  soil  be  supplied  with  iron, 
or  even  if  their  surface  is  washed  with  a  very  weak  solution  of 
iron. 

Potassium  is  found  in  plants  in  the  form  of  salts  combined  with 
various  organic  acids,  as  tartaric  acid,  malic  acid,  and  oxalic  acid* 
Unless  the  soil  contains  potassium-compounds,  the  assiir  ilation  of 
carbon  dioxide  by  plants  possessing  chlorophyll  does  not  go  on, 
as  is  shown  by  the  fact  that,  under  these  circumstances,  the  plant 
does  not  increase  in  dry  weight.  Potassium-salts  are  especially 
abundant  in  those  parts  of  the  plant  which  are  rich  in  carbo- 
hydrates such  as  starch  and  sugar,  as  in  potatoes,  beet-roots,  and 
fruits. 

Calcium  and  Magnesium  have  been  shown  to  be  necessary  to  the 
normal  development  of  plants :  they  are  absorbed  as  nitrates,  phos- 
phates and  sulphates,  and  thus  serve  as  bases  for  the  absorption 
of  these  other  important  elements.  Little  is  known  as  to  their 
direct  use :  they  are  of  importance  in  neutralising  the  oi*ganic 
acids  (especially  oxalic)  formed  in  the  plant :  hence  calcium,  at 
least,  is  of  importance  in  connexion  with  the  distribution  of  carbo- 
hydrates in  the  plant.  They  occur  in  the  plant  as  salts  of  lime 
and  magnesia  in  combination  with  both  organic  and  inorganic 
acids. 

It  has  been  discovered  by  experimental  cultures,  that  a  plant 
can  be  perfectly  nourished  if  it  is  supplied  with  all  those  elemen- 
tary substances  which  have  been  enumerated  as  essential.  This 
might  be  done,  for  instance,  by  growing  it  in  a  watery  solution  of 
either  of  the  two  following  groups  of  chemical  compounds: 

1.  2. 

Calcium  nitrate  Calcium  nitrate 

Potassium  nitrate  Ammonium  nitjrate 

Potassium  superphosphate  Potassium  sulphate 

Magnesium  sulphate  Magnesium  phosphate 

Ferrous  phosphate  Ferrous  chloride. 
Sodium  chloride. 

In  these  two  mixtures,  as  well  as  in  others  of  the  same  acids  and 
bases  which  might  be  formulated,  all  the  essential  elements  are 
included  in  forms  suitable  for  absorption  ;  the  proportion  of  mixed 
salts  should  not,  however,  exceed  about  '3%  by  weight  of  the 
liquid. 
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Fio.  471.— Water-caltares  of  Buckwheat  (after  Nobbe). 
No.  1.  Plant  grown  in  normal  solntion. 


2. 
3. 
4. 

6. 


without  potaMium. 

with  eodiam-salts  inalead  of  poiaasianL 

without  calcium. 

without  nitrates  or  salts  of  ammonia. 


This  method  of  experimental  caltnre,  which  is  known  as  water' 
culture,  has  been  of  the  greatest  service  in  determining  which  are 
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the  essential  mineral  elements  of  the  food,  and  of  ascertaininisf  the 
physiological  significance  of  these  elements  in  the  metabolism  of 
the  plant. 

The  following  is  a  brief  account  of  the  non-essential  mineral 
constituents  of  the  food. 

Silicon^  is  absorbed  fi*om  the  soil  as  silica  (SiO^)  or  as  silicates. 
It  cannot  be  regarded  as  of  nntritive  importance,  since  plants 
which  are  usually  rich  in  silica  can  be  brought  to  an  apparently 
normal  development  under  conditions  which  render  the  absorption 
of  silica  impossible.  It  is  usually  deposited  in  the  cell-walls,  as  in 
Diatoms,  Equisetum,  many  Grasses,  etc. 

Iodine  and  Bromine  are  found  in  the  many  marine  plants, 
especially  in  Algse,  and  are  prepared  from  them ;  it  is  not  known 
that  they  are  of  any  value  in  the  economy  of  the  plant. 

Sodium,  being  universally  distributed,  is  found  in  plants. 

Lithium  occurs  in  the  ash  of  sevei^l  plants,  particularly  in 
Tobacco. 

Zinc,  Copper,  and  other  metals,  though  they  are  not  commonly 
present  in  the  ash  of  plants,  are  nevertheless  taken  up  by  plants 
from  soils  which  are  rich  in  them ;  from  this  it  appears  that 
plants  may  absorb  substances  which  are  not  necessary  and  may 
be  even  injurious. 

3.  Anaholism.  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
complex  substances  from  simpler  ones  (p.  669).  Of  these,  those 
which  are  undergone  by  the  food  of  the  plant  constitute  assimi- 
lation. 

In  the  case  of  plants  which  contain  chlorophyll,  the  first  step 
in  the  assimilation  of  the  food  is  the  construction  of  a  carbon- 
molecule  which  contains  hydrogen  and  oxygen.  The  process  may 
be  represented  by  the  following  equation 

CO2  +  HgO  =  CHgO  +  O,. 

That  some  process  of  the  kind  takes  place  is  proved  by  the  fact 
that  when  green  plants  are  placed  under  the  necessary  conditions, 
that  is,  when  they  are  supplied  with  carbon  dioxide,  with  water 
and  with  salts  from  the  soil,  and  are  exposed  to  light,  they  gain  in 
weight  in  consequence  of  an  increase  in  the  amount  of  their  dry 
organic  substance,  and  they  give  ofP  oxygen.  Moi'eover,  the 
volume  of  the  free  oxygen  evolved  is  actually  equal  to  that  of  the 
carbon  dioxide  absorbed,  as  indicated  in  the  equation. 
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There  are  three  points  connected  with  the  performance  of  this 
process  which  require  special  notice :  the  part  played  by  the 
mineral  food,  the  action  of  light,  the  f  auction  of  chlorophyll. 

With  regard  to  the  first  point,  it  appears  that  the  process  in 
qnestion  cannot  be  performed  unless  potassiam-salts  are  supplied 
to  the  plant.  There  is  no  reason  to  believe  that  this  metal  takes 
any  direct  part  in  the  process  ;  but  it  has  an  indirect,  though  none 
the  less  well-marked  effect  npon  it  (see  p.  714). 

The  importance  of  exposure  to  light  is  briefly  this.  The 
chemical  process  represented  in  the  foregoing  equation  is  one  which 
involves  the  doing  of  work  ;  for,  from  the  simple  and  stable  mole- 
cules, CO2  and  H2O,  a  more  complex  and  less  stable  molecule  CHoO 
38  produced.  Work  cannot  be  done  without  energy,  and  the  plant 
cannot  evolve  in  itself  the  energy  necessary.  It  avails  itself,  there- 
fore, of  the  kinetic  or  radiant  energy  of  the  sun's  rays.  Hence 
the  importance  of  exposure  to  light  is  that  the  plant,  by  absorbing 
the  light-rays,  obtains  the  energy  required  for  the  chemical  work 
which  has  to  be  done. 

Next,  as  to  the  function  of  chlorophyll.  The  function  of  chloro- 
phyll is  to  serve  as  the  means  by  which  the  rays  of  light  are 
absorbed,  and  their  energy  made  available  for  the  performance  of 
the  chemical  work  by  the  protoplasm  with  which  the  chlorophyll 
is  associated.  When  light  which  has  passed  through  a  solution  of 
chlorophyll  is  examined  with  a  spectroscope,  the  spectrum  is  seen 
to  present  certain  dark  bands,  known  as  absorption-bands,  in  the 
red,  yellow,  green,  blue,  and  violet,  the  band  in  the  red  being  the 
most  conspicuous.  These  bands  indicate  that  certain  of  the  rays 
of  the  solar  spectrum  do  not  pass  through  the  chlorophyll,  but  are 
an*ested  and  converted  into  another  form  of  energy.  It  is  this 
energy  which,  in  the  living  plant,  the  chlorophyll  places  at  the 
disposal  of  the  protoplasm  for  the  construction  of  an  organic 
molecule  out  of  carbon  dioxide  and  water,  as  expressed  in  the  fore- 
going equation.  Protoplasm  without  chlorophyll  is  incapable  of 
making  use  of  the  kinetic  energy  of  the  rays  of  light  for  the  per- 
formance of  this  chemical  work. 

The  product  of  this  process  of  carbon-assimilation  is  (as  indi- 
cated in  the  foregoing  equation)  a  non-nitrogenous  organic  sub- 
stance having  the  composition  of  a  carbohydrate.  A  leaf  which 
is  actively  assimilating  carbon  under  the  influence  of  light  is 
generally  found  to  contain  relatively  large  quantities  of  carbo- 
hydrate, in  the  form  either  of  f^ugar  or  starch. 


718 


PART  IT.— THK   PHT8I0L06T  OF  PLANTS. 


r^ 

[V 

IS 

l^^^^^v  V^^aJ^^^^H 

Fio.  475. — Evolution  of  oxjgen  from  a 
water-plant  (SIod«a  eanad«ii<w) ;  a  the  oat 
stem  ;  g  a  weight  that  keeps  the  stem  in  its 
place ;  0  the  gas-bubbles  rising  from  the  cot 
surface. 


The  performance  of  this  process  can  be  readily  demoTistrated. 
If  a  water-plant  {e.g.  a  leaf  of  "Fotamogelon  natans,  or  a  portion  of  the 

shoot  of  Blodea  canadensis)  be 
placed  in  water  which  holds 
carbon  dioxide  in  eolation,  and 
be  exposed  to  sunshine,  it  will 
be  seen  that  from  the  cat  sur- 
face of  the  leaf  or  stem  babbles 
of  gas  are  given  ofF  at  regular 
intervals  (Fig.  475).  These 
consist  of  oxygen. 

The  relation  of  light  and  of  chloro- 
phyll to  the  evolution  of  oxygen  by  a 
green  plant  is  Btrikingly  illostrmted  by 
means  of  an  aerobic  Baoterinin  (Bac- 
terium Termo),  which  is  highly  sensitive  to  the  presence  of  oxygen.  If  m  fila- 
mentous Alga  be  placed  under  a  cover-slip  on  a  slide  under  the  microRcope,  in 
water  containing  numerous  Bacteria,  the  Bacteria  will  be  seen  to  ooilect  sJong 
the  filament,  attracted  by  the  free  oxygen  which  is  being  evolved.  The  same 
preparation  will  serve  to  show  which  are  the  rays  of  light  most  active  in  ibe 
process.  If,  instead  of  ordinary  white  light,  a  spectrum  be  reflected  by  tbe 
mirror  of  the  microscope  on  to  the  slide  bearing  the  Alga  and  the  Bacteria,  the 
Bacteria  wiU  not  be  distributed  uniformly  along  tbe  filament,  as  in  white  light, 
but  will  aggregate  at  certain  points  (more  especially  in  tbe  red  and  in  the 
blue),  which  correspond  with  the  principal  absorption-bands  of  the  chlorophyll- 
spectrum. 

The  relation  of  light  and  of  chlorophyll  to  the  formation  of  organic  sob- 
stance  by  a  green  plant  can  be  demonstrated  by  the  starch-metbod.  For 
instance,  if  a  leaf  of  a  starch-forming  plant,  which  has  been  exposed  to  bright 
light  for  some  hours,  be  removed,  decolourised  by  alcohol  and  tested  with  iodine, 
it  will  assume  a  dark  blue  colour,  showing  an  abundant  aconmolation  of 
starch.  If  a  leaf,  still  on  the  plant,  be  exposed,  not  to  white  light,  bat  to  a 
spectrum,  the  starch  will  be  found  to  have  accumulated  in  these  portions  of  the 
leaf  upon  which  have  fallen  the  rays  of  light  which  correspond  to  the  principal 
absorption-bands  of  the  chlorophyll-spectrum. 

The  process  nnder  consideration  is  one  of  fundamental  impor- 
tance. It  is  the  great  process  in  natnre  by  which  organic 
substance  is  constructed,  and  in  which  kinetic  energy  absorbed 
from  without  is  converted  into  the  potential  energy  of  chemical 
combination.  For  the  energy  of  the  rays  of  light  which  is  used  in 
the  construction  of  the  organic  substance  is  not  lost,  but  is  simply 
converted  into  another  form,  and  it  can  be  recovered  by  undoing 
the  chemical  work  which  has  been  performed.  When  a  piece  of 
wood  or  of  coal  is  burned,  the  heat  and  the  light  whicb  are  ^ven 
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out  represent  the  energy  which  was  osed  by  the  pltot  in  con« 
stracting  the  organic  snbstance  of  which  the  wood  and  the  coal 
consist,  and  which  exists  in  them  as  the  potential  energy  of 
chemical  combination.  To  put  the  matter  more  definitely ;  if  the 
organic  snbstance  which  has  been  formed  by  a  green  plant  onder 
the  inflaence  of  light  according  to  the  equation 

COj  +  HjO^CHjO  +  O, 
be  burned,  the  chemical  process  is  precisely  reversed,  according 
to  the  equation 

CHgO  +  03  =  COg  +  H,0, 
and  precisely  the  same  amount  of  energy  is  evolved  in  the  kinetic 
state  in  the  second  process,  as  was  stored  up  in  the  potential  state 
in  the  first. 

It  is,  generally  speaking,  only  plants  possessing  chlorophyll 
which  can  produce  organic  substance.  Inasmuch,  therefore,  as 
organisms,  whether  plants  or  animals,  which  do  not  possess  chloro- 
phyll require  for  their  nutrition  more  or  less  complex  organic 
substances,  they  are  entirely  dependent  for  their  food  upon  organ- 
isms which  do  possess  chlorophyll. 

To  this  general  rule  exeeptions  are  offered  by  oerlain  Schizomyoetes.  Thus 
some  Bacteria  {e.g.  B.  photofnetrieum)  contain  a  purple  colouring-matter 
(baeterio-parpurin),  but  no  chlorophyll :  they  are,  however,  capable  of  forming 
organic  matter  with  evolution  of  oxygen  when  exposed  to  light ;  the  bacterio- 
porpnrin  appears  to  perform  essentially  the  same  physical  fonotion  as 
ohlorophyll,  though  it  does  not  absorb  the  same  rays  of  light.  Again,  other 
Bacteria,  such  as  the  Salphur-bacteria  {Sulphobaeteria),  the  Iron-bacteria  (FtrrO' 
baeteria),  and  the  nitrifying  Bacteria  (Nitrobacteria)  produce  organic  substance, 
although  they  possess  no  chlorophyll,  and  do  so  quite  independently  of  light, 
the  necessary  energy  being  obtained  in  other  ways  (see  p.  731). 

This  process  is  also  of  great  importance  in  another  direction. 
All  living  organisms,  speaking  generally,  absorb  free  oxygen  and 
evolve  carbon  dioxide  in  respiration.  Those  organisms  which 
possess  chlorophyll  prevent  the  excessive  accumulation  of  carbon 
dioxide  in  the  atmosphere,  and  keep  up  the  supply  of  free  oxygen, 
in  that,  under  the  influence  of  light,  they  absorb  the  former  gas 
from  the  air,  and  replace  it  by 'an  equal  volume  of  the  latter. 

The  characteristic  difference  between  the  anabolic  capacity  of 
plants  which  do  and  of  those  which  do  not  possess  chlorophyll  is 
then  this,  that  the  former  can  produce,  from  carbon  dioxide  and 
water,  assimilable  or  plastic  substances  containing  the  elements 
G,  H,  and  0,  whereas  the  latter  cannot  produce  these,  but  must 
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be  snpplied  with  them  as  food.  From  this  point  onwards  the 
anabolic  processes  in  the  two  cases  are,  as  far  as  is  known,  identi- 
cal. From  the  simpler  plastic  sabstances  containing  C,  H,  and  O, 
whether  they  have  been  formed  from  CO^  and  H2O  in  the  one  case, 
or  haye  been  absorbed  as  organic  food  from  withont  in  the  other, 
other  more  complex  substances  snch  as  sagar,  etc.,  are  formed, 
probablj  by  the  polymerisation  or  condensation  of  the  simpler 
molecules.  Farther,  tlie  nitrogen  of  the  food,  absorbed  either  as 
nitrates  or  salts  of  ammonia,  is  worked  into  the  anabolic  processes, 
so  that  nitrogenous  organic  substance  is  produced.  Probably  the 
first  formed  nitrogenous  substances  are  comparatively  simple 
crystal lisable  substances,  such  as  asparagin  and  leucin,  which 
belong  chemically  to  the  amides  (see  p.  707).  The  next  step  is 
doubtless  the  formation  of  those  more  complex  nitrogenous  sub- 
stances, the  proteids ;  and  here  sulphur,  and  phosphorus  in  some 
cases,  is  introduced  into  the  molecule;  and  finally  the  series  of 
assimilafcory  processes  concludes  with  the  formation  of  molecules 
of  protoplasm. 

Comparatively  little  is  known  as  to  the  details  of  nitrogenous 
anabolism ;  but  there  is  evidence  to  show  that,  in  green  plants,  the 
assimilation  of  the  nitrates  (see  p.  712),  and  probably  also  of  the 
sulphates  and  phosphates,  of  the  food  can  only  go  on  in  the  pre- 
sence of  light ;  and  when  it  is  borne  in  mind  that  these  salts  are, 
like  carbon  dioxide,  highly  oxidised  substances,  it  is  not  surprising 
that  the  conditions  for  the  reducing  process  in  the  one  case  should 
obtain  also  in  the  others.  And  further,  there  is  evidence  to  show 
that  the  next  step  in  nitrogenous  anabolism,  the  production  of 
proteids  from  amides,  is  also  dependent  not  merely  upon  exposure 
to  light,  but  upon  the  coincidence  of  this  with  the  other  conditions 
necessary  to  the  assirailatory  function.  For  instance,  asparagin 
(whether  formed  anabolically  or  catabolically)  will  accumulate  in 
a  shoot  kept  in  the  dark,  although  carbohydrates  may  also  be  abun- 
dantly present :  it  will  also  accumulate  if  the  shoot  be  exposed  to 
light,  but  in  an  atmosphere  deprived  of  COg :  whereas  it  will  not 
accumulate  in  a  shoot  exposed  to  light  under  conditions  which 
enable  the  shoot  to  assimilate  carbon  dioxide.  How  and  where 
this  formation  of  proteids  from  amides  takes  place  is  not  accu- 
rately known.  But  there  is  some  evidence  that,  for  instance,  in 
the  leaf  of  a  vascular  plant,  the  process  is  carried  on  in  the  com- 
panion-cells of  the  sieve-tissue  or  their  physiological  equivalents. 
It  appears  that  the  amides  formed  in  the  green  assimilating  cells 
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are  collected  into  this  tissne,  and  there  andergo  farther  anabolism 
into  the  proteids  to  be  found  in  the  sieve-tubes. 

Inasmuch  as  plants  destitate  of  chlorophyll  absorb  their  nitrogenous  food  in 
the  form  of  ammonia  compounds  (see  p.  712)  or  of  organic  Ditrogen-compounds, 
it  is  intelligible  that  exposure  to  light  is  not  an  essential  condition  of  their 
nitrogenous  assimilation. 

These  varions  assimilatory  processes  are  not,  however,  carried 
on  simnltaneouslj  with  eqnal  activity.  In  plants  which  contain 
chlorophyll,  when  under  conditions  favourable  for  carbon-assimi- 
lation, the  construction  of  non-nitrogenous  organic  substance  from 
CO2  and  HgO  appears  to  be  the  most  active  process,  for  an  accumu- 
lation of  non-nitrogenous  organic  substance  can  be  detected  in 
the  green  parts  of  these  plants  when  assimilation  is  being  carried 
on.  Most  commonly  this  excess  of  non-nitrogenous  organic  sub- 
stance is  accumulated  in  the  form  of  starch-granules  which  are 
formed  in  the  chloroplastids ;  less  commonly  in  the  form  of  sugar 
which  is  held  in  solution  in  the  cell-sap  (e.g.  leaves  of  Onion). 
This  excess  of  non -nitrogenous  organic  substance  in  the  green 
parts  soon  disappears,  however,  when,  by  withdrawal  from  the 
influence  of  light,  its  further  formation  is  arrested.  For  instance, 
if  a  plant  which  has  been  exposed  to  light  and  whose  leaves  are 
rich  in  starch,  be  placed  in  the  dark  for  some  hours,  the  starch 
will  then  be  found  to  have  almost  or  entirely  disappeared. 

The  organic  substance  resulting  from  the  anabolism  of  the 
plant,  is  partly  used  in  the  growth  of  the  plant,  in  forming  new 
protoplasm,  cell-walls,  etc.,  and  is  partly  stored  up,  in  various 
organs,  in  the  form  of  reserve  materials  which  serve  either  for  the 
growth  of  the  plant  itself  at  a  subsequent  period  (roots,  tubers, 
etc.) 9  or  for  the  nutrition  of  new  individuals  in  the  early  stages  of 
their  growth  (spores,  seeds,  etc.). 

4.  Gatabolism.  Under  this  term  are  included  all  the  chemical 
processes  going  on  in  the  plant  which  lead  to  the  formation  of 
simple  substances  from  more  complex  ones. 

The  chief  physiological  importance  of  the  catabolic  processes  is 
this :  that,  inasmuch  as*  they  consist  in  the  decomposition  of 
relatively  complex  and  unstable  substances  into  others  which  are 
relatively  simple  and  stable,  they  necessarily  involve  a  conversion 
of  potential  into  kinetic  energy  ;  and  it  is  by  means  of  the  kinetic 
energy  so  evolved  that  the  plant  exhibits  those  phenomena,  such  as 
growth,  movement,  etc.,  which  characterise  it  as  a  living  organism. 
The  degree  of  activity  of  life  depends  directly  upon  the  degree  of 
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catabolic  activitj  ;  when  catabolism  ceases,  life  ceases  ;  the  organ- 
ism is  dead.  A  good  illnstration  of  this  is  afforded  by  the  scarcely 
perceptible  catabolism  of  seeds,  balbs,  etc.,  when  qaiesceat^  and 
their  very  active  catabolism  when  they  begin  to  germinate. 

The  catabolic  processes  of  the  plant  are  carried  on  either  by  the 
living  protoplasm  itself,  or  by  means  of  certain  substances  formed 
by  the  protoplasm,  which  are  termed  unorganised  fermentt  or 
enzymes. 

The  catabolic  processes  carried  on  by  the  protoplasm  are  mainly 
such  as  depend  npon  the  absorption  of  free  oxygen  from  without, 
and  are  accompanied  by  an  evolution  of  carbon  dioxide ;  in  fact  this 
gaseous  interchange  between  the  plant  and  its  envixx>nment,  termed 
liespiration^  is  the  external  manifestation  of  the  performance  of 
these  catabolic  pix>ce8ses.  The  seat  of  these  processes  is  the 
protoplasm,  and  it  is  mainly  the  molecules  of  protoplasm  that  are 
decomposed ;  in  other  words,  just  as  the  construction  of  the  pro- 
toplasm-molecule is  the  ultimate  result  of  anabolism,  so  the 
decomposition  of  the  protoplasm-molecule  is  the  central  fact  of 
catabolism. 

The  significance  of  the  absorption  of  free  oxygen  in  connexion 
with  catabolism  appears  to  be  this :  the  chemical  decompositions 
which  constitute  catabolism  involve  a  certain  expenditure  of 
energy,  though  the  amount  thus  expended  is  very  much  less  than 
the  amount  evolved  by  the  decompositions ;  the  smaller,  then,  the 
the  amount  of  the  energy  expended,  the  greater  will  be  the  amount 
of  available  kinetic  energy  in  the  plant :  now  the  entrance  of  free 
oxygen  into  the  decompositions  facilitates  their  performance,  so  that, 
under  these  circumstances,  the  largest  amount  of  kinetic  energy  is 
evolved  at  the  smallest  initial  expenditure. 

The  reason,  then,  why  most  plants  die  when  they  are  deprived 
of  free  oxygen,  is  that  they  are  unable  to  carry  on,  under  these 
circumstances,  those  catabolic  pix)ces8es  by  which  the  kinetic 
energy  essential  to  the  maintenance  of  life  is  evolved;  just  as  a 
fire  goes  out,  that  is  the  oxidation  of  the  coal  stops,  under  the 
same  conditions. 

Though  it  may  be  generally  stated  that  living  plants  at  all 
times  absorb  free  oxygen,  and  that  the  maintenance  of  life  depends 
upon  a  constant  absorption  of  free  oxygen,  yet  there  are  excep- 
tions. There  are,  for  instance,  certain  Fungi,  such  as  Yeast  and 
Bacteria,  which  can  live  in  the  absence  of  fi*ee  oxygen.  They  are 
unable,  under  these  conditions,  to  caiTy  on  what  may  be  termed 
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the  normal  oxidative  catabolio  processes ;  bat  they  carry  on  other 
processes  of  decomposition  into  which  free  oxygen  does  not  enter, 
provided  that  suitable  material  is  accessible ;  the  processes  are 
termed  fermentations.  Thns,  Bacteria  cause  putrefaction  and 
other  similar  fermentations  in  the  most  various  organic  substances 
with  which  they  happen  to  come  into  contact.  Similarly  Yeast  is 
the  cause  of  the  alcoholic  fermentation  of  sugar,  which  may  be  re- 
presented by  the  equation 

CgHijOe = 2C2H.O  +  2C0,. 

These  fermentative  oatabolic  processes  involve,  like  the  oxida- 
tive catabolic  processes,  an  evolution  of  kinetic  energy,  but  this 
is,  genen^lly  speaking,  attained  by  a  greater  initial  expenditure. 
Yeast,  for  instance,  certainly  thrives  better  when  it  can  obtain 
free  oxygen  than  when  it  cannot ;  but  many  of  the  Bacteria  have 
become  so  completely  adapted  to  a  life  based  upon  fermentative 
catabolism,  that  they  die  if  they  come  into  relation  with  free 
oxygen  (anaerohia). 

Yeast,  Bacteria,  and  other  plants  which  can  excite  fermentation 
are  termed  organised  ferments^  inasmuch  as  they  are  complete 
living  organisms  and  as  their  power  of  exciting  fermentation 
depends  upon  their  being  alive,  in  contradistinction  to  the  un- 
organised ferments  or  enzymes  already  mentioned,  which  are  not 
organisms,  but  simply  chemical  substances  which  may  be  pre- 
pared and  kept  under  conditions  which  would  be  fatal  to  life. 
The  peculiar  properties  of  the  unorganised  ferments  can,  however, 
be  very  readily  destroyed,  as,  for  instance,  by  boiling  or  otherwise 
heating. 

The  chief  kinds  of  enzymes  which  have  been  found  in  plants 
are : — 

1.  Those  that  act  on  carbohydrates,  converting  the  more 
complex  and  less  soluble  carbohydrates  into  others  of  simpler 
composition  and  greater  solubility. 

2.  Those  that  act  on  fats,  decomposing  them  into  glycerin  and 
fatty  acid. 

3  Those  that  act  on  glucosides,  glucose  being  a  constant  product. 

4  Those  that  act  on  the  more  complex  and  less  soluble  proteids, 
converting  them  into  others  which  are  more  solable  and  probably 
less  complex,  or  decomposing  them  into  non-proteid  nitrogenous 
substances  (amides,  etc.). 

The  chemical  action  of  some  of  these  enzymes  is  illustrated  by  the  following 
equation!  :-* 
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1 .  CoDverBion  of  ttaroh  into  sugar  (amylolytie  enzyme,  commonly  tenned 
diattate):  — 

Starch.  Maltose.     Dextrin. 

3  (CeH.oO,)  +  H,0  -  Ci,HaO„  +  CeHioOj 

2.  Conversion  of  cane-sugar  into  grape- sugar  (invert  enzyme)  :— 

Cane-sugar.  Dextrose.    Lievulose. 

C„H„0„+ H,0  -  CeH,jOe+ CeHjaOe 
8.  Action  of  fat-enzyme : — 

Olein.  Oleic  acid.    Glycerin. 

CiiHjoiOe-f  3H,0  -  3C|8H„0,+ CjEgO, 
4.  Action  of  glucoside-enzyiue ;  the  instance  taken  is  the  decomposition  of 
the  glncoside  amygdalin  in  the  Bitter  Almond  by  the  ferment  termed  tyimpUue 
or  emuUin : — 

Amtgdalin.    Oil  of  bitter  almonds.  PruKBio  acid.    Olnoose. 
C^H„N0h  +  2H,0     -     C^HeO     +     HON     +     2lC»H„0^) 
It  will  be  noted  that,  in  every  case,  the  action  of  the  ferment  involves  the 
taking  up  of  one  or  more  molecules  of  water. 

The  action  of  the  enzymes  which  act  on  proteids  {proteolytic  enzymes)  can- 
not be  represented  by  equations,  inasmuch  as  no  formulie  for  the  various 
proteids  have  at  present  been  arrived  at.  It  may  be  generally  stated  that  their 
effect  is,  like  those  of  the  other  forms,  to  induce  decomposition  with  the  assomp- 
tion  of  water.  The  proteolytic  ferments,  acting  some  in  an  acid  medium,  others 
in  an  alkaline,  convert  the  more  complex  proteids,  such  as  globulins,  into  the 
simpler  peptone ;  and  further  cause  the  decomposition  of  peptone  into  amides, 
such  as  asparagin,  leucin,  and  ty rosin. 

The  chief  importance  of  the  unorganised  ferments  in  the 
economy  of  the  plant  ui  that  bj  their  means  the  reserve  materials, 
which  are  accamalated  to  sach  a  large  extent  in  the  form  of 
BubstAnces,  snch  as  starch,  fat,  cellulose,  proteids  of  alearon- 
grains,  which  are  either  not  soluble  in  water,  or  if  sol  able  are 
only  slightly  diffusible,  are  converted  into  substances,  snch  as 
amides  and  certain  sugars,  which  are  both  readily  soluble  and 
diffusible,  and  which  can  therefore  travel  osmotically  from  one 
part  to  another.  For  instance,  as  mentioned  above,  the  excess  of 
carbohydrate  formed  in  the  leaves  when  they  arc  actively  assimi- 
lating, is  commonly  stored  np  in  the  form  of  starch.  This  carbo- 
hydrate is  eventually  conveyed  to  other  parts  of  the  plant ;  but, 
since  starch  is  insoluble,  it  cannot  be  conveyed  in  that  form  *  it  is, 
in  fact,  converted  into  maltose  by  an  amylolytie  ferment  present 
in  the  leaves,  and  it  is  in  this  form  that  non-nitrogenons  organic 
sabstance  is  conveyed  away  from  the  leaf  where  it  has  been 
produced.  Other  striking  illustrations  of  the  importance  of 
ferment-action  are  to  be  found  in  the  chemical  changes  going  on 
in  germinating  seeds,  bulbs,  tubers,  etc.     When  a  starchy  seed, 
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OP  a  starchy  tuber  like  the  potato,  germinates,  the  starch-grains 
are  gradually  dissolved,  the  starch  being  converted  into  maltose. 
When  the  tuber  of  the  Dahlia  or  Artichoke,  which  contains  inulin 
as  the  non-nitrogenous  reserve  material,  germinates,  the  inulin 
disappeai*s  and  is  gradually  replaced  by  grape-sugar.  When  an 
oily  seed  germinates,  the  oil-drops  become  less  and  less  apparent, 
as  the  oil  is  gradually  decomposed  by  ferment-action  into  glycerin 
and  fatty  acids ;  the  next  step  is  the  formation  of  carbohydrate 
(sugar  or  starch),  probably  from  the  products  of  the  decomposition 
of  the  oil,  a  process  which  involves  the  absorption  and  fixation  of 
oxygen,  since  carbohydrates  contain  a  higher  percentage  of  oxygen 
than  does  any  form  of  fat  or  oil;  and  then,  finally,  any  starch 
so  formed  is  converted  into  sugar.  Similarly,  the  aleoron-grains 
in  a  germinating  seed  gradually  disappear,  the  indiff  usible  proteids 
composing  them  being  decomposed  by  the  action  of  a  proteolytic 
enzyme  into  peptone,  and  then  into  amides,  in  which  form  they 
are  conveyed  osmotically  to  the  growing  embryo.  Finally,  it  is 
obvious  that  the  indiffusible  proteids  which  are  conveyed  from 
part  to  part  in  the  sieve-tisHue  of  vascular  plants  (see  p.  705) 
must  eventually  be  distributed  osmotically  in  the  form  of  dif- 
fusible compounds,  probably  amides,  to  the  adja<$ent  parenchy- 
matous tissues,  and  it  is  probable,  though  not  yet  ascertained,  that 
here  again  a  proteolytic  enzyme  is  involved. 

It  is  worthy  of  note  that  the  chemical  decompositions  effected 
by  the  agency  of  the  enzymes  do  not  involve  either  an  absorption 
of  oxygen  or  an  evolution  of  carbon  dioxide,  whereas  this  is  the 
case  in  the  decompositions  effected  by  the  agency  of  living  proto- 
plasm. But  to  the  latter  general  rule  there  are  some  exceptions. 
Thus,  it  has  been  observed  that  succulent  plants,  such  as  Cactacesa, 
Cra8sulace89,  etc.,  absorb  free  oxygen  without  exhaling  any  carbon 
dioxide ;  but  it  has  further  been  found  that,  under  these  circum- 
stances, there  is  an  accumulation  of  organic  acids  (especially 
malic)  in  the  tissues.  The  explanation  is  this:  that,  owing  to 
some  peculiarity  in  their  catabolic  process — possibly  to  the  im- 
perfect aeration  of  their  tissues — instead  of  producing  the  very 
simple  substance  carbonic  acid,  which  would  be  exhaled  in  the 
form  of  the  gas  COj,  these  plants  produce  more  complex,  less 
highly-oxidised  carbon-acids,  which  are  not  volatile  at  ordinary 
temperatures,  and  which  therefore  remain  in  the  cells  of  the 
plant:  these  acids  (at  least  malic  acid)  subsequently  undergo 
decomposition  under  the  influence  of  light  with  the  formation  of 
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carbohydrates.  Again,  the  decompositions  effected  bj  organised 
ferments  (e.g.  alcoholic  fermentation)  commonly  involve  an  evolu- 
tion of  carbon  dioxide  without  any  corresponding  absorption  of 
oxygen. 

Bespiratum.  This  term  is  applied  to  the  gaseons  interchange, 
consisting  in  the  absorption  of  free  oxygen  and  the  evolution  of 
carbon  dioxide,  which  takes  place  (with  but  few  exceptions)  be- 
tween the  living  plant  and  the  atmosphere,  and  which  may  be 
regarded  as  the  external  expression  of  the  oxidative  catabolie 
process  going  on  in  the  tissue  of  the  plant.  This  gaseous  inter- 
change goes  on  over  the  whole  surface  of  the  body ;  but  in  those 
parts  which  possess  stomata  or  lenticels,  it  is  mainly  conducted 
through  these  apertures. 

Respiration  seems  to  be  somewhat  diminished  under  the  in- 
fluence of  bright  light;  but  its  activity  is  promoted  by  arising 
temperature,  and  to  some  extent  by  greater  moistness  of  the  air. 
The  relation  to  temperature  is  such  that  respiration  takes  place 
at  temperatures  even  slightly  below  0°C. ;  that  it  increases  in 
intensity  with 'a  rise  of  temperature,  but  in  greater  proportion, 
up  to  an  optimum  of  40^-45° ;  and  then  sinks  as  the  temperature 
further  rises  until  the  fatal  degree  is  reached. 

The  relation  of  the  volume  of  the  gases  absorbed  and  evolved 
in  respiration,  that  is,  of  oxygen  and  carbon  dioxide,  is  a  matter 
of  importance.  It  may  be  generally  stated  that  the  relation  is 
definite  and  constant  for  any  given  plant,  or  for  any  part  of  it,  at 
a  given  stage  of  development,  all  other  conditions  being  constant : 
the  proportion  ^  may  be  unity,  or  less  or  more  than  unity, 
according  to  the  nature  of  the  plant  under  experiroenty  and  is 
not  affected  either  by  temperature  or  by  light. 

Ab  illustrating  the  possible  extremes  of  variation  in  the  proportion,  the 
following  cases  may  be  mentioned.  In  sacoalent  plants,  when  in  darkness, 
(see  p.  725)  oxygen  is  absorbed,  but  no  carbon  dioxide  is  evolved :  and  on  the 
other  hand,  when  Yeast  and  Bacteria,  or  germinating  seeds,  or  parts  of  plants 
(fmits,  leaves,  etc.),  are  kept  in  an  atmosphere  destitute  of  free  oxygen,  they 
evolve  carbon  dioxide:  again,  at  periods,  saeh  as  a  certain  stage  in  the  germi- 
nation of  seeds,  the  opening  of  buds  and  flowers,  when  the  activity  of  respira- 
tion is  intense,  the  proportion  ^  is  at  a  maximum,  though  it  rarely  ex- 
ceeds unity,  that  is,  the  evolntion  of  CO,  is  relatively  large  ;  whereas  daring 
periods  of  more  normal  respiratory  activity,  the  proportion  of  carbon  dioxide 
eyolved  is  smaller.  The  variations  in  the  proportion  ^  are  the  expressioii 
of  the  varying  nature  of  the  catabolic  processes  going  on  daring  different  stages 
in  the  life  of  the  plant  or  of  any  of  its  parts. 
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5.  The  Products  of  Metabolism,  The  relation  between  the 
anabolism  and  the  catabolism  of  the  plant  may  be  generally  stated 
thoB,  that  the  constraction  of  organic  snbstance  in  the  former  is 
greater  than  the  decomposition  of  it  in  the  latter,  so  that  on  the 
whole  there  is  an  accamalation  of  organic  snbstance  in  the  body  of 
the  plant.  The  organic  sabstance  is  accnmulated  to  some  extent 
in  the  actnal  strnctnre  or  fabric  of  the  plant,  as  protoplasm  and 
cell- wall,  and  to  some  extent  in  the  form  of  componnds  which 
may  be  present  in  some  or  all  of  the  cells,  bnt  which  do  not 
constitute  any  portion  of  the  fabric.  These  componnds  may  or 
may  not  be  of  nutritive  valoe ;  in  the  former  case  they  are  termed 
plastic  products^  in  the  latter  waste-products^  of  metabolism  (see  p. 
670.) 

The  most  important  of  the  plastic  products  are  enumerated  be- 
low. They  are  all  found  accumulated  as  reserve  materials  in 
various  parts  of  plants,  though  some  of  them  (e.g.  amides,  glucose, 
maltose)  are  more  especially  the  forms  in  which  organic  substance 
is  distributed  throughout  the  plant. 

Non-nitrogenout  reserve  materiale : — 

a.  Carbobydrates  ;  in   solid   granules,  staroh;    hi  many    seeds,  and 
tubers, 
in  thickened  cell- walls,  cellulose;  as  in  Date-seed, 

Ck)ffee-seed,  Vegetable  I^ory. 
dissolved  in  cell -sap ;  grape-sugar,  as  in  the  Onion 
and  in  fruits ;  cane-sugar,  as  in  tbe  Sugar-cane  and 
the  Beetroot ;  inolin,  as  in  the  Jerusalem  Artichoke 
and  Dahlia. 
h.  Fats ;  in  drops  in  many  seeds  (Bape,  Linseed,  Castor-oil,  Palm,  etc.). 
JHtrogenoui  reserve  materials  ;— - 

a.  Proteids;  in  solid  granules  (aleuron;  p.  113),  in  seeds,  more  espe- 

cially  oily  seeds ;  or  in  tbe  cytoplasm  {e.g.  latex). 
h.  Amides ;  asparagin,  etc.,  in  solution  in  the  cell-sap  of  bulbs,  tubers, 
bulbous  roots,  etc. 

With  regard  to  the  mode  of  formation  of  these  substances, 
some  of  them  are  certainly  produced  both  synthetically  and  ana- 
lytically, that  is,  both  in  anabolism  and  in  catabolism,  whereas 
others  are  only  produced  in  one  or  other  of  these  ways. 

Fats  and  Carbohydrates,  Tbere  is  some  evidence  that  fats  are  formed  in  the 
catabolism  of  protoplasm  :  that  is,  that  in  the  decomposition  of  the  proto- 
plasmic molecule,  fat  is  frequently  one  of  tbe  products :  tbere  is  also  reason  to 
believe  tbat  tbe  purely  reserve  oarbobydrates,  starch,  cane-sngar,  and  cellulose, 
have  a  similar  origin.  The  otber  sugars  (glucose,  maltose)  may  be  formed 
anabolically,  bnt  are  also  formed  by  enzymes  from  the  reserve  oaibobydrates. 
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Organic  aeid$.  It  is  Bcaroely  possible  to  make  any  general  statement  as  to 
either  the  origin  or  the  fate  of  these  sabbtances  which  are  so  largely  present 
in  plants.  They  are  probably  formed  maiuly  by  normal  oxidative  catabolie 
processes,  but  the  formation  of  some  of  them  {e.g.  oxalic  acid)  is  at  the  same 
time  closely  allied  'with  certain  anabolic  processes  in  the  plant :  however,  thertf. 
is  no  doubt  that  they  are  not,  as  was  formerly  held,  ever  formed  synthetically. 
The  more  complex  acids  may  certainly  be  looked  upon  as  plastic  substances : 
for,  in  succulent  plants  (see  p.  725)  it  has  been  found  that  the  malic  acid,  which 
accumulates  in  the  tissues  during  darkness,  is  decomposed  by  the  green  parts 
in  the  light,  with  evolution  of  oxygen  and  formation  of  less  highly  oxidised 
organic  substance  (carbohydrate).  In  fact,  the  process  of  assimilation  of  these 
acids  is  essentially  the  same  as  that  of  carbon  dioxide,  the  only  diJQference  being 
that  carbun  dioxide  is  more  highly  oxidiRed  than  are  these  more  complex  acids, 
but  the  conditions  of  the  process  are  identical  in  the  two  oases.  These  organic 
acids  are  of  considerable  physiological  importance  in  effecting  the  decomposi* 
tion  of  the  salts  {e,g,  nitrates,  sulphates,  phosphates)  absorbed  from  the  soil. 

Atnidei  are  formed  both  in  anabolism  (p.  720),  and  in  cataboUsm  (p.  725). 

ProUidt  may  all  be  fohned  in  anabolism ;  and  the  simpler  forms  (peptones) 
in  catabolism.  It  is  a  question  whether  or  not  the  more  complex  proteids  may 
not  be  formed  by  dissociation  of  the  molecule  of  protoplasm. 

The  waste^bducts  are  most  probably  all  formed  as  the  resalt  of 
catabolie  processes;  though  their  formation  is  often  associated, 
both  as  to  time  and  place,  with  active  anabolism.  They  may  be 
classified  into  nitrogenoas  and  non-nitrogenoas. 

The  principal  nitrogenous  waste- prod  nets  appear  to  be  the 
alkaloids  (see  p.  707).  They  are  probably  products  of  the  nitro- 
genous catabolism  of  plants  ;  and  it  is  suggestive  that  they  prin- 
cipally occur  deposited  in  the  cells  of  deciduous  parts,  sach  as 
leaves,  seeds,  bark,  etc. 

The  piincipal  non-nitrogenous  waste-products  are,  water ;  free 
oxygen  (green  plants  in  light) ;  carbon  dioxide,  and  some  other 
highly  oxidised  carbon-acids,  such  as  the  oxalic ;  resins  and  ethereal 
oils,  tannins,  aromatic  substances,  etc. 

Of  these  waste-products,  some  are  retained  in  the  cells  of  the 
plant,  whereas  others  are  thrown  off  or  excreted.  The  nitrogenous 
waste-products  are  deposited  either  in  cells  or  in  the  laticiferous 
tissue  :  there  is  practically  no  excretion  of  such  waste-products  by 
plants.  Similarly,  those  of  the  non-nitrogenous  waste- products 
which  are  not  gaseous  at  ordinary  temperatures,  are  retained  by 
the  plant.  For  instance,  oxalic  acid  is  deposited  in  the  form  of 
crystals  of  calcium  oxalate  either  in  the  cavities  or  in  the  walls 
of  the  cells  (see  pp.  108,  113)  :  the  crystals  may  have  either  six 
molecules  of  water  of  crystallisation,  when  they  are  quadratic ;  or 
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two  molecnles,  when  they  are  prismatic  (raphides).  The  resins 
and  ethereal  oils  are  usually  excreted  by  the  cells  in  which  thej  are 
formed,  into  intercellular  spaces  (resin-dacts,  oil-glands,  see  p.  138): 
the  tannins  are  mostly  stored  in  cells,  dissolved  in  the  cell-sap. 

Some  general  idea  may  be  formed  as  to  the  relation  of  these  substances  to 
the  catabolic  processes  by  a  consideration  of  the  origin  of  oxalic  acid  and  of 
tannin  in  the  plant :  the  matter  hns  been  more  fully  investigated  with  refer- 
ence to  these  substances  than  to  any  others,  and  the  results  in  these  two  cases 
correspond  in  a  remarkable  manner. 

In  the  first  place,  both  these  substances  are  abundantly  formed  in  connexion 
with  active  cheiuical  change  of  the  plastic  substances  (probably  the  nitro- 
genous) supplying  the  demands  of  a  growing  part :  for  instance  they  are 
abandant  in  seedlings,  in  developing  shoots,  mots,  etc  This  formation,  which 
is  quite  independent  of  light,  is  distinguished  as  primary,  and  the  calcium 
oxalate  and  the  tannin  thus  formed  remain  permanently  in  the  cells  in  which 
they  are  formed  :  the  primary  calcium  oxalate  is  characterised  by  the  prismatic 
form  (raphides).  A  secondary  formation  of  both  these  substances  takes  place  in 
green  pans  of  plants  exposed  to  light,  in  leaves  for  iustance :  they  are  formed 
BO  abundantly  under  these  circumstances  that  they  must  be  continually  trans- 
ported (in  solution  by  osmosis)  from  the  seat  of  formation  to  other  parts,  for 
instance,  from  the  leaves  to  the  stem.  This  secondary  form&tion  is  associated, 
not  with  the  assimilation  of  carbon  dioxide,  but  with  the  formation  of 
nitrogenous  organic  substance  (see  p.  720) :  but  though  associated  with  this 
anabolic  activity,  the  actual  process  of  formation  of  these  two  substances  is 
probably  not  synthetic,  but  analytic ;  it  is  a  cataboUc  process  which  necessarily 
accompanies  the  anabolic. 

The  oxygen  which  is  set  free  in  connexion  with  the  decomposi- 
tion of  COg  in  the  green  pai*ts  under  the  influence  of  light,  is 
exhaled  in  the  gaseous  form ;  this  is  also  the  case,  for  the  most 
part,  with  the  watery  vapour  and  the  carbon  dioxide  pi*oduced  in 
catabolism.  In  some  cases,  however,  some  portion  of  the  carbon 
dioxide  forms  calcium  carbonate,  which  is  either  deposited  in  the 
solid  form  (e.g.  cystoliths,  see  p.  108),  or  is  excreted  by  means  of 
the  chalk-glands  (p.  137). 

In  some  cases,  substances  of  nutritive  value  are  excreted  by 
plants,  as  for  instance,  the  sugary  liquid  known  as  nectar  by 
special  glands,  the  nectaries  (see  p.  679),  of  flowers,  and  the 
digestive  liquid  poured  out  by  the  glands  of  the  carnivorous  plants. 
This  loss  of  substance  is,  however,  compensated  for  by  the  advan- 
tages gained  by  the  excretion.  The  nectar  attracts  insects,  and  so 
ensures  cross-fertilisation,  and  the  excretion  of  the  carnivorous 
plants  results  in  the  digestion  of  the  entrapped  insects  (see  p.  711). 

The  mechanism  of   excretion  may  be  generally  illustrated  by 
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reference  to  two  cases  :  to  the  nectaries,  and  to  the  chalk-glands. 
The  former  afford  an  example  of  that  mode  of  excretion  in  which 
the  necessary  force  is  supplied  by  the  excreting  cells  themselves : 
the  latter,  of  that  mode  in  which  the  necessary  force  is  derived 
from  another  sonrce.  Excretion  by  nectaries  can  be  well  observed 
in  the  case  of  FrxtiUaria  imperiaXis  (Fritillary,  or  Crown  Imperial). 
At  the  base  of  each  of  the  petals  of  the  flower,  there  is  an 
oval  depression  which  is  the  gland  or  nectary  and  is  seen  to  be 
occupied  by  a  large  drop  of  nectar.  If  the  flower  be  cnt  off,  and 
the  drop  be  removed  from  the  nectary  by  means  of  blotting-paper, 
it  will  be  shortly  replaced  by  a  fresh  drop.  It  is  therefore  clear 
that  in  this  case  the  excretion  of  the  liquid  is  effected,  not  by  the 
root-press  are,  for  the  flower  is  no  longer  in  connexion  with  the 
root,  bat  by  the  cells  themselves.  The  mechanism  of  excretion 
seems  to  be  this,  that  the  cells  of  the  nectary  become  turgid,  and 
when  a  certain  degree  of  tnrgidity  has  been  attained,  filtration 
nnder  prcssura  (see  p.  669)  takes  place,  and  liquid  is  pressed  out. 
Excretion  by  chalk-glands  can  be  well  observed  in  some  of  the 
Saxifrages.  The  chalk-glands  are  here  situated  at  the  end  of  the 
finer  vascular  bundles  round  the  margin  of  the  leaves,  each  gland 
being  at  the  bottom  of  a  depression  in  the  surface,  and  communi- 
cating with  the  surface  by  two  or  three  water-stomata  (see  p.  157). 
So  long  as  the  leaf  is  in  connexion  with  the  rest  of  the  plant,  and 
provided  that  transpiration  is  not  too  active,  drops  of  water  hold- 
ing chalk  in  solution  are  poured  out  by  these  glands  on  to  the 
surface  through  the  water-stomata.  The  excretion  stops,  however, 
directly  the  leaf  is  removed,  or  the  stem  is  cut  through.  In  this 
case  the  excretion  clearly  depends  upon  the  root-pressure;  the 
gland  itself  has  no  excreting  power,  but  it  simply  accumulates 
the  chalk  which  is  then  washed  out  by  the  current  of  water 
forced  through  the  gland  by  the  i*oot-pressure. 

6.  The  Supply  and  the  Expenditure  of  Energy.  It  has  been 
already  insisted  upon  that  a  living  organism  must  be  supplied  not 
only  with  matter,  but  also  with  energy.  The  principal  sources  of 
the  supply  of  energy  will  now  be  briefly  considered. 

a.  All  plants  absorb  kinetic  energy  in  the  form  of  heat  (see 
p.  671). 

5.  Plants  which  possess  chlorophyll  absorb  kinetic  energy  in  the 
form  of  light,  the  rays  absorbed  being  those  which  correspond  to 
the  absorption-bands  of  the  chlorophyll-spectrum  (see  pp.  674 
and  717). 
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e.  Plants  which  do  not  possess  chlorophyll  are  nnable  to  absorb 
kinetic  energy  in  the  form  of  light,  bat  thej  obtain  their  supply 
in  other  ways.  For  instance,  it  has  been  pointed  oat  (p.  711) 
that  these  plants  require  more  or  less  complex  carbon-componnds 
as  food :  the  significance  of  this  fact  is  not  only  that  these  plants 
are  nnable  to  produce  these  compounds  for  themselves  from  carbon 
dioxide  and  water,  but  farther,  that  these  compounds  represent 
potential  energy  which,  in  the  decomposition  of  these  compounds 
in  the  body  of  the  plant,  is  evolved  in  the  kinetic  form :  hence 
these  organic  food-substances  supply  the  plants  not  merely  with 
matter,  but  also  with  energy. 

Plants  without  chlorophyll  also  obtain  energy  by  yet  other  means.  For 
instance,  when  sugar  is  fermented  by  Teast(8ee  p.  723),  there  is  a  considerable 
evolution  of  energy,  and  this  is  the  true  significance  of  the  process  from  the 
point  of  view  of  the  Yeast-plant :  similarly.  Bacteria  cause  various  putrefac- 
tive and  other  fermentations  which  are  attended  by  an  evolution  of  energy. 
In  these  cases  it  would  appear  that  the  plant  avails  itself  of  the  kinetic  energy 
evolved  in  the  fermentative  process. 

A  few  cases  have  been  investigated  among  Schizomycetes  in  which  the  supply 
of  kinetic  energy  is  obtained  by  oxidative  processes :  this  occurs,  for  instance, 
in  the  case  of  the  nitrifying  organisms  {Nitrobacteria)  which  oxidise  ammonia 
compounds  to  nitrites,  and  nitrites  to  nitrates,  in  the  soil :  in  the  case  of  the 
SiUphobacteria  which  oxidise  hydrogen  sulphide  (H^S)  with  the  formation  of 
sulphates :  and  in  the  case  of  the  Ferrobacteria  which  oxidise  ferrous  to  ferric 
salts  (see  p.  719). 

The  energy  obtained  in  any  of  these  ways  is  of  primary  impor- 
tance in  the  anabolism  of  the  plant :  it  is  concerned  with  the 
building  up  of  more  and  more  complex  organic  compounds  and 
with  the  nutrition  of  the  protoplasm ;  and  in  as  far  as  these  com- 
pounds, such  as  carbohydrates,  proteids,  etc.,  accumulate  in  the 
plant,  in  so  far  is  potential  energy  accumulated  likewise.  But, 
inasmuch  as  the  catabolic  processes  are  at  the  same  time  in  con- 
stant operation,  there  is  going  on  in  the  plant  a  constant  conversion 
of  potential  into  kinetic  energy,  a  considerable  proportion  of  which 
is  dissipated  or  lost  to  the  plant. 

Energy  is  most  commonly  dissipated  in  the  form  of  heut,  in  a 
few  cases  in  the  form  of  light,  and  also  commonly  in  the  form  of 
movement.  The  evolution  of  heat  by  plants  is  not  usually 
sufficient  to  cause  the  temperatui*e  of  the  plant-body  to  be  higher 
than  that  of  the  surrounding  air.  This  is  partly  due  to  the  fact 
that  the  catabolic  processes  of  plants  are  not  generally  very  active, 
and  partly  to  the  continual  loss  of  heat  by  radiation  and  in  con- 
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nexion  with  transpiration.  It  is  however  easy,  under  appropriate 
conditions,  to  demonstrate  the  evolution  of  heat.  If  a  quantity  of 
seeds  be  made  to  germinate  in  a  heap,  they  will  be  found  to  be 
distinctly  warm  (Fig,  476).  This  happens  on  a  large  scale  in  the 
process  of  malting  barley.  When  a  large 
quantity  of  barley-grains  are  germinat- 
ing on  a  malting-floor,  they  become  quite 
hot :  they  have,  in  fact,  to  be  continually 
turned  to  prevent  overheating..  The 
conditions  are  here  most  favourable : 
for  the  catabolic  processes  are  extremely 
active  in  germinating  seeds,  and  there 
is  but  little  loss  of  heat  by  radiation 
and  transpiration.  Similar  observations 
may  be  made  with  opening  flower-buds, 
the  opening  of  the  bud  being  also  a 
period  of  great  catabolic  activity.  In 
some  cases,  as  in  the  Araceas,  where  the 
inflorescence  consists  of  a  great  number 
of  flowers  which  open  simultaneously, 
and  which  are  protected  by  a  large  leaf, 
the  spathe,  a  rise  of  temperature  as 
much  as  18°  C.  has  been  observed. 

The  few  plants  in  which  an  evolution 
of  energy  in  the  form  of  light  has  been 
clearly  established  are  all  Fungi.  It  is 
commonly  termed  phosphorescence.  The 
so-called  phosphorescence  of  decaying 
wood  is  due  to  the  presence  of  the  my- 
celium of  Agaricus  mellenSy  and  that  of 
putrifying  meat  and  vegetables  to  Schi- 
zomycetes  of  the  nature  of  Micrococci. 
Various  other  species  of  Agaricus  have 
been  found  to  be  luminous. 

Movement  of  some  kind  is  manifested 
by  all  plants.  All  plants  exhibit  that 
slow  movement  which  is  termed  growth : 
in  many,  there  is  a  more  or  less  well- 
marked  movement  of  the  protoplasm  in 
the  cell  or  cells  of  which  the  plant-body 
consists,  which  is  known  as  cyclosis,  cvt' 


Fio.  476.— ApparattiB  for  de- 
tecting the  rise  of  temperature 
in  small  opening  flowers  or  ger- 
minating seeds.  The  seeds  are 
heaped  as  closely  as  possible  in 
the  funnel  r  which  is  inserted 
into  the  month  of  a  bottle  con- 
taining a  solution  of  caustic 
potash.  This  absorbs  the  car- 
bon dioxide  pnMluced  by  respi- 
ration. The  whole  is  enclosed 
in  a  glass  vessel,  and  a  delicate 
thei  nioraeter  is  inserted  through 
the  cotton  wool  which  closes 
the  mouth.  The  bulb  of  the 
thermometer  la  plunged  in 
among  the  seeds.  The  tempera- 
ture in  this  apparatus  will  be 
higher  than  in  another  Arranged 
in  thchame  way  forcompariBon, 
and  in  which  the  flowers  or 
seeds  are  replaced  by  scraps  of 
paper,  etc. 
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culatioii,  or  rotation :  some  are  capable  of  locomotion  during  the 
whole  or  a  portion  of  their  life,  a  peculiarity  which  is  shared  by 
many  reproductive  cells,  such  as  zoospores  and  spermatozoids  :  in 
some  cases,  the  floral  or  the  foliage- leaves  of  the  plant  can  perform 
movements,  as  the  foliage- leaves  of  the  Sensitive  Plant,  of  the 
Telegraph-plant,  of  Dionceu  muscipula  (Venas*  Fly-trap),  the 
stamens  of  Berberis  and  of  the  Cynareae,  or  portions  of  leaves  as 
the  tentacles  of  Drosera  (Sun-dew,  see  p.  711).  These  movements 
are  considered  in  detail  in  the  next  chapter. 

The  connexion  between  these  various  forms  of  dissipation  of 
energy  and  the  catabolic  processes,  is  clearly  demonstrated  by  the 
fact  that  any  change  which  prejudicially  affects  the  activity  of 
catabolism,  similarly  affects  the  dissipation  of  energy.  For 
instance,  in  the  absence  of  free  oxygen,  a  condition  which 
diminishes  catabolic  activity  in  most  cases,  germinating  seeds  or 
opening  flowers  cease  to  evolve  heat ;  the  luminous  Fungi  cease  to 
emit  light ;  growth,  and  the  other  more  conspicuous  movements 
are  arrested :  similar  effects  are  produced  by  exposure  to-  a  low 
temperature. 

The  main  facts  of  the  metabolism  of  the  plant  may  be  clearly 
summed  up  in  a  general  table  of  the  income  and  expenditure,  such 
as  the  following.  It  may  be  explained  that  in  this  table  account 
is  taken  of  only  that  portion  of  the  water  absorbed  from  without 
which  actually  enters  into  the  metabolism ;  the  remainder,  which 
simply  traverses  the  plant  to  be  exhaled  as  vapour  in  transpiration, 
is  not  considered.  Under  the  head  of  "  incidental  losses  "  are 
included  the  loss  of  organic  substance  connected  with  throwing 
off  reproductive  cells,  such  as  spores  and  spermatozoids,  or  other 
reproductive  organs  such  as  seeds,  bulbils,  etc. ;  and  the  loss 
accompanying  the  shedding  of  leaves,  etc.,  in  the  case  of  plants 
which  live  through  more  than  one  period  of  growth. 
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PlaMT  POB8SB8IMO  CHLOBOPHTIiL. 


Jneome. 
Matter, 
Food;  via. 
Inorgftnio  salts. 
Carbon  dioxide. 
Water. 
Free  oxygen. 


Expenditure 
1.  Matter. 

a,  Aeeumulated. 
Organic  substanoe  of  tiBBues 
Qirotoplaam,      oell  -  walls, 
etc.). 
Beserve    materials    (starch, 
sagar,  fats,  proteids,  etc.). 
Unexoreted    organic    waste- 
prodacts    (tannins,    alka- 
loids, acids,  etc.). 
Mineral  matter  of  ash. 
h.  DiBsipated, 
Carbon  dioxide*)  in    respira- 
Water  )       ^o^' 

Free  oxygen  (evolved  b j  gre^a 

parts  in  light). 
Incidental  losses  (reprodno- 
tion,  etc.) 
II.  Energy. 

a.  Aeeumulated. 
Potential     energy     of     the 
accnmolated  organio  sub- 
stance (see  above). 
h.  DUHpatedm 
Heat. 

Light  (in  some  cases). 
Movement  (indading  growth). 
Potential  energy  (in  connex- 
ion   with    the    incidental 
losses  of  organio  substanoe, 
as  above). 

In  the  case  of  plants  which  do  not  possess  chlorophyll,  the  account  must  be 
altered  thus : — 


II.  Energy. 
Heat. 

Light  (absorbed   by  chloro- 
phyll). 


Income. 
L  Matter. 

Food;  viz. 
Inorganic  Salts. 
Organic  matter. 
Water. 
Free  oxygen  (in  most  eases), 
n.  Energy. 
Heat. 

Potential  energy  of  organic 
food. 


Expenditure. 
Same  as  in  plant  possessing 
chlorophyll,  except  that  no 
free  oxygen  ie  given  ojf. 
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CHAPTER  in. 
SPECIAL  PHYSIOLOGY  OP  MOVEMENT. 

§  10.  IntrodLlctory.  The  movementa  to  be  specially  con- 
sidered here  are  such  as  maj  be  charaoterized  as  vital ;  that  is, 
thej  are  essentiallj  manifestations  of  the  life  of  the  protoplasm. 
This  statement  is  rendered  necessary  by  the  fact  that  movements 
do  occar  in  plants  which  are  dependent  npon  purely  physical 
causes ;  instances  of  these  are  afforded  by  the  rapture  of  pollen* 
8acs  and  other  sporangia,  the  twisting  and  untwisting  of  awns  (as 
in  the  fruits  of  Erodium,  p.  612,  and  Stipa,  p.  548),  the  bursting 
of  frnits  (as  in  the  Balsam,  ImpcUietu  NoH-me-tangerey  and  the 
Squirting, Cacnmbers,  such  as  Ecbalium,  Momordica,  and  Elater- 
inm).  These  movements  may  be  due,  in  the  simpler  cases,  either 
to  expansion  and  contraction  of  hygroscopic  cell-walls  resulting 
from  variations  in  the  moisture  of  the  air,  or  to  the  imbibition 
with  water  and  the  consequent  swelling- up  of  mucilaginous  sub* 
stances  in  the  cells ;  in  the  more  complicated  cases  the  movement 
depends  upon  tensions  set  up  between  different  layers  of  tissue  in 
consequence  of  unequal  expansion. 

The  vital  movements  are  either  tpontanecnu  or  induced.  In  the 
former  case  they  are  the  result  of  causes  operating  in  the  or- 
ganism itself ;  in  the  latter,  they  are  the  result  of  causes  acting 
npon  the  organism  from  without. 

The  following  are  the  principal  phenomena  of  movement  ex- 
hibited by  plants;  the  streaming  movement  of  protoplasm 
(cyclosis)  ;  the  expansion  and  contraction  of  contractile  vacuoles ; 
the  locomotion  of  entire  organisms;  the  moyements  of  cellular 
members. 

§  11.  Automatism.  The  spontaneous  movementa  may  be 
conveniently  considered  under  the  two  heads  of  movements  of 
protoplasm,  and  m^ovements  of  cellular  members. 

A.  Movements  of  Protoplasm.  Under  this  head  are  included 
such  spontaneous  movements  as  can  be  directly  observed  in  the 
protoplasm.  The  first  to  be  noted  is  the  streaming  movement, 
which  can  be  frequently  observed  either  in  naked  protoplasm  (e,g, 
Plasmodia  of  Myxomycetes),  or  in  the  protoplasm  of  coenocytes 
clothed  by  a  cell-wall  (e.g.  hyphcB  of  Fungi),  or  in  that  of  cells 
(e.g.  leaf  of  Elodea  and  Yallisneria,  internodal  cells  of  Characeaa, 
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root-hairs  of  Trianea  hogotensis^  hairs  of  the  stameos  of  Trades- 
cantia,  etc.).  The  movement  takes  place  in  the  more  fluid  por- 
tion of  the  protoplasm,  and  is  made  evident  hy  the  grannies  of 
various  kinds  which  are  carried  along  by  the  carrrent.  The 
direction  of  the  movement  varies  somewhat  according  to  circum- 
stances :  the  current  travels  in  one  direction,  and  this  simple 
longitudinal  movement  is  all  that  can  be  observed  in  plasmodia 
and  in  hjphee ;  but  in  cells,  owing  to  their  shortness,  it  can  he 
observed  to  travel  up  one  long  side,  across  the  end,  and  down  the 
other  side ;  and  when  the  cytoplasm  forms  not  merely  a  parietal 
layer,  but  has  strands  traversing  the  vacuole  {e.g.  Fig.  46  D), 
currents  can  be  observed  in  these  strands  also. 

The  contractile  vctcuoles  (see  p.  102)  are  small,  more  or  less 
nearly  spherical,  cavities  which  make  their  appearance  in  the 
protoplasm  and  then  suddenly  disappear.  In  their  i*e]atively 
slow  expansion  (diastole),  they  become  filled  with  cell-sap,  which 
is  forced  out  on  the  sudden  contraction  (systole).  They  have 
been  exclusively  found  in  motile  organisms,  such  as  Yolvox, 
Gonium,  Endorina,  the  plasmodia  of  Myxomy6etes,  the  zoospores 
of  many  AlgsB  and  of  some  Fungi. 

•  In  the  second  place  the  protoplasmic^  movements  which  involve 
locomotion  have  to  be  considered.  The  simplest  cane  of  this  is  the 
amoeboid  movement  exhibited,  among  plants,  by  the  zoospores  of 
the  Myxomycetes  and  of  some  Algee,  and  by  the  naked  masses  of 
protoplasm  which  constitute  the  plasmodia  of  the  Myxomycetes. 
There  is  here  no  specialised  motile  organ,  but  any  part  of  the 
protoplasm  may  be  protruded  as  a  pseudopodium  into  which  the 
remainder  of  the  protoplasm  gradually  flows,  and  thus  locomotion 
of  the  whole  is  effected. 

The  locomotory  movements  of  most  zoospores,  of  spermatozoids, 
and  of  entire  organisms  such  as  Yolvox,  Pandorina,  etc.,  among 
AlgflB,  is  effected  by  means  of  specialised  motile  organs,  which  are 
delicate  protoplasmic  filaments  termed  cilia  (see  p.  102) ;  each 
cell  may  have  one,  two,  four,  or  many  cilia  (see  Figs.  168,  177, 
181,  etc.). 

Locomotion  is  also  exhibited  by  other  AlgsB,  saoh  as  Diatoms,  OsotUatorias, 
etc.,  as  also  by  some  Sohizomyeetes,  but  the  meohamsm  is  not  folly  onder- 
stood. 

B,  Movements  of  Cellular  Members,  Instances  of  the  move- 
ment of  parts  of  plants  consisting  of  one  or  more  cells  having  a 
cell-wall,  are  afforded  by  all  growing   members,  and   by  some 
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special]  J  modified  matiire  members  ;  the  movements  of  the  latter 
are  termed  movements  of  variationj  those  of  the  former,  mx)vem,etUB 
of  growth. 

These  two  kinds  of  movements  can  be  readily  distingnished 
from  each  other,  inanmnch  as  the  movements  of  variation  are 
rapid  and  CAn  be  easily  observed,  whereas  the  movements  of 
growth  are  slow  and  can  only  be  followed  by  means  of  special 
apparatns. 

a.  Movem>ent8  of  Varuxfion,  The  majority  of  the  movements  of 
variation  are  induced,  a  few  only  being  spontaneous.  Instances 
of  spontaneons  movement  are  afforded  by  the  rising  and  falling  of 
the  lateral  leaflets  of  the  trifoliolate  leaf  of  Desmodium  gyrans,  the 
Telegraph-plant ;  by  the  oscillation  of  the  label Inm  of  MegcLcUnium 
falcatum,  an  Afi*ican  Orchid;  by  the  bending  upwards  and  down- 
wards of  the  gynosteminm  of  Stylidium  (Candollea)  adnatum 
(see  p.  692).  It  must,  however,  be  pointed  out  that  the  power  of 
spontaneons  movement  may  be  possessed  by  plants  though  they  do 
not  manifest  it  under  ordinary  circumstances.  Thus  the  leaves 
of  the  Sensitive  Plant  (Mimosa  pudica)  move  spontaneously  in 
darkness,  but  they  will  not  do  so  iu  the  light.  This  is  also  true 
of  varioas  LeguminossB  and  Oxalidacess. 

b,  .Movem.erUs  of  Qrowth.  Before  entering  upon  a  description 
of  the  movements  of  growth,  a  clear  idea  must  be  formed  of  what 
growth  really  is.  By  growth  is  meant  change  of  external  fonn, 
which  is  usually,  though  not  necessarily,  accompanied  by  increase 
in  bulk ;  the  change  of  form  being  rendered  permanent  by  the 
deposition  of  new  substance :  it  is  a  function  of  embryonic  proto- 
plasm (see  p.  16). 

The  growth  of  the  plant-body  takes  place  to  a  greater  or  less 
extent  in  all  three  dimensions  of  space.  For  instance,  when  it 
takes  place  equally  in  all  three  dimensions,  a  spherical  body  is 
produced,  as  in  Protococcus  and  Vol  vox.  Occasionally  it  takes 
place  especially  in  two  dimensions,  the  result  being  a  flattened 
body,  such  as  a  Fern-protballus  or  an  Ulva.  More  commonly, 
however,  it  takes  place  especially  in  one  direction,  so  that  the 
plant-body  assumes  an  elongated  form.  An  extreme  cane  of  this 
is  afforded  by  Spirogyra  and  other  fllamentons  Alg89.  It  is  this 
growth  in  length  which  has  been  more  especially  studied  physio- 
logically, and  in  what  follows,  "  growth  '*  may  be  taken  to  mean 
**  growth  in  length,"  unless  there  is  some  definite  statement  to  the 
contrary. 
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The  growth  in  length  of  the  plant-body  takes  place  at  first 
throaghout  its  whole  extent;  but  at  a  later  period  it  is  limited,  as 
a  rule,  to  particular  regions  (see  p.  16).  In  the  growing  portion 
of  any  member  two  regions  may  be  distinguished :  the  formative 
region^  which  is  the  growing-point  proper:  and  the  region  of 
elongation  adjacent  to  it.  In  the  formative  region  the  construc- 
tion of  the  new  tissue  from  plastic  substances  takes  place,  as  is 
specially  manifested  in  the  formation  of  cell-walls  accompany- 
ing the  cell-division  going  on  in  this  region  of  a  multicellular 
growing-point;  but  the  amount  of  elongation  is  slight.  In  the 
region  of  elongation,  the  formative  processes  have  ceased  :  in 
multicellular  plant«  little  or  no  cell-division  takes  place  in  this 
region ;  the  cells  are  here  fully  formed,  and  they  simply  require 
to  increase  in  bulk,  to  grow  in  fact,  in  order  to  attain  the  mature 
form.  Beyond  the  region  of  elongation  comes  the  portion  of  the 
member  which  has  already  ceased  to  grow.  It  must  be  dearly 
understood  that  each  portion  of  the  growing-point  passes  through 
these  three  phases.  For  instance,  in  a  multicellular  apical  grow* 
ing-point,  each  cell  is  produced  in  the  formative  region  ;  and  as  in 
consequence  of  the  continued  formation  of  younger  cells  in  front 
of  it  at  the  apex,  it  comes  to  lie  at  an  increasing  distance  from 
the  apex,  it  passes  through  the  stage  of  growth,  to  become  an  adult 
tissue- element. 

The  movement  of  growth  in  length  is  altogether  spontaneous. 
It  may  be  generally  described  as  the  travelling  of  the  organic 
apex  in  a  line  which  is  the  continuation  of  the  longitudinal  axis 
of  the  growing  member.  Both  the  rate  and  the  direction  of 
growth  are  liable  to  variation,  which  may  be  either  spontaneous 
or  induced.     The  induced  variations  are  discussed  in  §  12,  p.  742. 

Variations  in  the  Bate  of  Growth,  The  rate  of  growth  of  a  grow- 
ing member,  as  also  that  of  each  of  its  constituent  cells,  is  not 
uniform.  When  a  member  begins  to  grow,  its  rate  of  growth  is 
at  first  slow  ;  it  then  accelerates,  until  a  maximum  rapidity  is 
attained ;  after  which  it  diminishes  until  growth  ceases  altogether. 
This  gradual  rise  and  fall  in  the  rate  of  growth,  extending  over 
the  whole  of  one  period  of  growth,  is  termed  the  grand  period  of 
groxoth. 

This  periodicity  is  manifested  also  in  each  cell  of  the  growing 
.region.  A  young  cell  grows  but  slowly ;  ae  it  becomes  older, 
and  is  gradually  removed  from  the  growing-point,  its  rate  of 
growth  increases  up  to  a  maximum ;   as  it   becomes  still  older 
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and  is  still  more  remote,  the  rate  of  growth  sinks,  until  finally 
the  adult  stage  is  reached,  and  growth  ceases. 

Careful  observation  of  g^wing  members  has  shown  that,  in 
addition  to  the  spontaneous  variation  constituting  the  grand 
period  of  growth,  small  irregular  variations  are  constantly  taking 
place,  which,  since  thej  are  apparently  spontaneous,  are  termed 
irregular  tpontaneotu  variations. 

Another  point  which  must  be  taken  into  account  is  the  energy 
of  growth ;  that  is,  the  relative  capacity  of  different  members  for 
growth  in  length.  The  differences  in  the  energy  of  growth  in 
growing  members  manifest  themselves  in  differences  either  in  the 
length  of  the  grand  period,  or  in  the  rate  of  growth ;  in  other 
words,  members  may  grow  for  a  longer  or  shorter  time,  or  they 
may  grow  more  or  less  rapidly.  In  any  case  the  result  is  that 
members  attain  different  lengths.  For  instance,  it  is  easy  to 
observe  that  the  lower  internodes  of  most  stems  remain  short; 
that  those  above  them  are  longer;  that 
those  of  a  certain  part  of  the  stem  are  the 
longest ;  and  that  the  upper  ones  again  are 
short.  In  the  same  way  the  size  of  the 
leaves  attached  to  these  various  parts  of 
the  stem  increases  from  below  to  about 
the  middle,  and  then  diminishes. 

Variations  in  the  Direction  of  Growth, 
Although  it  is  true,  as  stated  above,  that 
the  result  of  growth  is,  generally  speaking, 
that  the  apex  of  the  growing  member  is 
moved  onwards  in  a  line  which  is  the  con- 
tinuation of  the  axis  of  the  g^wing  organ ; 
yet,  during  the  actual  process  of  growth, 
this  relation  of  position  is  not  maintained, 
because  the  rate  of  growth  is  at  no  time 
uniform  throughout  the  transverse  section 
of  the  region  of  elongation.  Suppose  a 
radial  stem  rising  vertically  from  the  soil ; 
the  longitudinal  axis  of  the  fully  grown 
portion  of  this  stem  is  vertical,  but  this  is 
not  true  of  the  growing  portion.  If  the 
apex  be  looked  down  upon  from  above  it  will  be  seen  to  travel  in 
an  orbit  round  the  prolongation  of  the  longitudinal  axis  of  the  fully 
grown  portion,  in  the  manner  indicated  by  the  following  diagram. 


Fig.  477.— The  growings 
primary  Kot  of  the  Pea  in 
two  etagee.  A  The  root  U 
miirked  by  linei  at  eqoal  die- 
tanoee.  IiiBthedifferenoes 
in  rapidity  of  growth  are 
perceptible  <  the  appermoet 
linee  have  not  been  lepa- 
mted;  the  root  haa  ceased 
to  grow  here.  The  loweet 
likewise  are  etUl  close  toge- 
tber;  at  the  growing-point 
elongation  hae  not  taken 
place.  In  the  intermediate 
lone  the  elongation  hae  been 
very  great. 
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Fig.  478.— Diagram  ninstratinir  natation  of  a  (^lindrlOAl  Blem,  m  •een  from  above: 
Nt  8,  W,  Ep  indicate  the  points  of  the  compass. 

The  small  upper  circle  divided  Into  seffmenta  represents  an  IdeiU  kmnsverse  cection  of 
the  natating  ref^ion  i  the  larger  circle  below  represents  the  orbit  of  nutation,  and  the  small 
circles  upon  it  represent  dlfl'erent  positions  of  the  apex  of  the  stem  in  its  orbit ;  the  shaded 
segment  indicates  al frays  the  position  of  ens  and  the  same  side  of  the  stem ;  the  smnll 
circle  in  the  centre  of  the  orbit  represents  the  position  of  the  apex  of  the  stem  were  it  not 
nutating,  but  were  it  in  a  straight  line  with  the  older  parts  which  have  ceased  to  grow. 
Apsaming,  to  begin  with,  that  the  rate  of  growth  is  unii'orm  in  all  the  s^rinenta  of  the 
elongating  region,  then  the  position  of  the  apex  will  coincide  with  the  small  circle  in  the 
centre;  but  the  growth  is  not  uniform,  being  more  active  on  one  side  than  on  the  others, 
say  In  segment  1 ;  then  segment  4  will  be  the  region  of  lea»t  active  growth,  and,  as  a  con. 
sequence,  the  apex  of  the  stem  will  be  displaced  southwards  till  it  takes  np  a  position  f  in 
the  orbit ;  the  wave  of  rapid  growth  then  travels  from  segment  1  to  segment  2,  and  the  apex 
travels  from  position  I  to  II  in  the  orbit,  and  so  on,  until  the  apex  has  completed  its  orbit 
and  returned  to  position  I.  It  will  be  observed  that  the  shaded  segment  always  faces  the 
ssme  side  (south)  in  all  positions  in  the  orbit;  nutation  Is  thus  not  acoompaniad  by 
torsion,  that  is,  by  twisting  of  the  member  about  its  own  axis.  In  this  case  the  direotion 
of  natation  is  that  of  the  sun,  or  of  the  Lands  of  a  watch. 
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In  this  case,  the  stem  being  radiallj  symmetrical,  the  orbit  is 
approximately  circular ;  but  in  cases  in  which  the  member  tends 
to  be  bilaterally  symmetrical,  one  diameter  of  the  orbit  becomes 
proportionally  elongated,  the  orbit  being  then  oval,  or  elliptic, 
until,  finally,  when  the  bilateral  symmetry  is  strongly  marked, 
the  orbit  becomes  a  straight  line,  the  growing-point  simply  oscii- 
lating  from  side  to  side.  Whilst  the  growing-point  is  travelling 
in  its  orbit,  it  is  at  the  same  time  being  raised  upwards ;  so  that 
it  describes  a  path  which  is,  according  to  the  form  of  the  orbit,  a 


Fig.  47V.— niastrmtion  of  the  epinMtio  growth  of  the  leave*  of  the  Sunflov^er  (HtltaaiKM 
«»«»«««).  A  repreeentft  the  position  of  the  leaves  when  the  plant  is  exposed  to  light;  B 
represents  the  position  of  the  leaves  when  the  plant  has  been  kept  in  darkness  for  twen^. 
foar  hoars.  In  A  the  leaves  are  expanded  in  consequence  of  the  directive  (diaheliotropic) 
action  of  the  iinddent  rays  of  light.  In  B  the  leaves,  in  the  absenee  of  light,  had  become 
reconred  in  virtae  of  their  inherent  epinascic  growth. 


circular  spiral,  an  elliptical  spiral,  or  a  sig-sag.  These  changes 
of  position  are,  however,  not  permanent ;  for  example,  though  the 
gpx>wing-point  may  be  travelling  upwards  in  a  spiral,  the  fully- 
grown  stem  does   not    resemble  a  corkscrew,   but  is  straight. 
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Tbese  spontaneons  changes  in  position  of  growing-points  are 
designated  generally  by  the  term  Nutation, 

All  growing  members  nntate  in  a  more  or  less  marked  manner; 
bnt  the  most  conspicuons  instances  are  afforded  bj  slender  strnc- 
tures,  sach  as  tendrils,  and  the  intemodes  of  twining  stems. 

A  peonliar  fomt  of  natation  is  oommonly  exhibited  by  doniventral  members, 
■neh  M  leATes.  In  the  early  stages  the  one  surface  of  the  leaf  grows  maeh 
faster  than  the  other,  thus  leading  to  certain  peculiar  forms  of  Temation  and 
nstiTation  (see  p.  60) ;  in  the  later  stages  the  other  side  grows  the  faster,  and 
BO  the  expansion  of  the  leaf  is  brought  about.  When  it  is  the  ventral  sur- 
face which  is  growing  the  faster,  whether  along  the  transTerse  or  the  longi- 
tudinal axis  of  th6  leaf,  it  is  said  to  be  a  case  of  qnnasty  (Fig.  479) ;  when  the 
dorsal  surface,  it  is  said  to  be  a  case  of  hyponoity.  A  striking  example  is  afforded 
by  leaves  having  oireinate  vernation,  as  many  Ferns,  Drosera,  etc. ;  this  form  of 
vernation  is  due  to  the  growth  of  the  leaf  being  at  first  longitudinally  hjpo- 
nastio.  The  convolute,  involute,  and  conduplicate  forms  are  all  the  result  of 
transverse  hyponastie  growth  in  the  early  stages  of  development  of  the  leaf, 
whereas  the  revolute  form  is  the  result  of  transverse  epinastic  growth. 

§  12.  Irritability  (Induced  Movements).  All  parts  of  plants 
-which  can  exhibit  movement  are  also  irritable ;  that  is,  they 
respond  to  the  action  of  external  agents  either  by  a  movement  or 
by  a  change  in  the  rate  or  the  direction  of  their  movement.  The 
following  are  the  principal  canses,  or  etimulif  of  movement,  or 
change  of  movement : — 

a.  Mechanical ;  contact  or  pressure ; 
h.  Variations  of  temperature  ; 

c.  Variations  in  the  intensity  of  light ; 

d.  Changes  in  the  direction  of  incidence  of  the  rays  of  light ; 

e.  Changes  of  position  with   regard  to  the  line  of  action  of 

gravity  (vertical) ; 
/.  DiJSerences  of  degree  of  moisture  in  the  surrounding  medium. 

a.  IrrUdbility  to  Mechanical  Stimuli,  This  form  of  irritability 
is  most  strikingly  manifested  by  motile  mature  members^  and  less 
markedly  by  certain  growing  members. 

Irritability  to  contact  is  manifested  by  the  following  mature 
motile  members :  by  the  leaves  of  the  sensitive  plants  (see  p.  689), 
and  by  those  of  DionsBa  and  Drosera ;  by  the  stamens  of  Berberis, 
Mahonia,  the  Cynareaa,  and  the  Cistace®;  by  tho  lobes  of  the 
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•tigma  of  Mimnlas,  Martjnia,  and  Bignonia ;  and  hj  the  style  of 
Ooldfussia  anisophylla. 

The  most  familiar  oaae  is  that  of  Mimosa  pudica,  the  Sensitive  Plant.  The 
leaf  of  this  plant  id  bipinnate,  consisting  of  a  primary  petiole  bearing  at  its  free 
end  foor  aeeondaty  petioles,  upon  which  the  leaflets  or  pinnae  are  inserted  (see 
Fig.  472).  The  primaiy  petiole  is  articulated  to  the  stem ;  each  secondary 
petiole  to  the  primary  petiole ;  and  each  pinna  to  the  secondary  petiole,  by  a 
pulvinns.  When  stimulated,  the  pinnie  fold  together  forwards  and  upwards : 
the  secondary  petioles  move  sideways  so  as  to  come  closer  together  and  to  lie 
almost  parallel ;  and  the  primary  petiole  sinks  downwards ;  the  pulvini  act  as 
hinges  upon  which  the  various  parts  move. 

It  is  onlj  a  few  growing  members  which  react  perceptibly  to 
mechanical  stimalation;  such  are  tendrils,  the  petioles  of  leaf- 
climbers  (e.g.  Tropeeolnm,  Lophospermum  scanderUf  Maurandia, 
Solanum  jcuminoides)^  the  stem  of  at  least  one  stem-climber, 
namely  that  of  Cascata  (Dodder),  and  roots.  In  these  cases  the 
contact  mast  be  of  relatively  long  daration,  becoming,  in  fact 
pressure. 

It  is  still  a  question  whether  the  intemodes  of  all  stem-climbers  may  not  be 
in  some  degree  sensitive  to  contact ;  but  if  so,  they  are  sensitive  only  to  long- 
,  continued  contact. 

The  irritability  of  growing  members  to  mechanical  stimulation 
is,  however,  lesH  marked  than  that  of  the  mature  motile  members 
mentioned  above.  Even  in  the  most  sensitive  growini^  members, 
such  as  tendrils,  the  resulting  movement  is  comparatively  slow. 
The  movement  induced  in  these  members  is  that  they  tend  to 
curve  round  the  object  with  which  they  have  come  into  contact. 
The  result  of  this  is  that  fresh  portions  of  the  member  come  into 
contact  and  are  stimulated  to  curve,  so  that  the  member  forms 
coils  n>und  the  object,  and  thus  becomes  firmly  attached  to  it.  In 
the  case  of  roots,  when  the  growing-point  is  more  or  less  injured 
by  pressure  or  otherwise,  a  curvature  is  induced  of  such  a  kind 
that  the  injured  side  becomes  convex,  with  the  result  that  the 
growing-point,  and  consequently  the  direction  of  growth,  is  de- 
flected from  the  obstacle  or  other  cause  of  injury. 

h,  Irritahility  to  Variations  of  Temperature,  Movement,  like  the 
other  functions  (see  p.  671),  is  affected  by  temperature,  but  this 
influence  is  not  stimulating  but  tonic :  it  does  not  induce  move- 
ment, but  merely  modifies  the  activity  of  movement  (see  p.  760). 
A  sudden  variation  of  temperature  may,  however,  act  as  a  stimulus 
and  induce  a  movement.     This  kind  of  irritability  has  been  de- 
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tected  in  varioas  leaves :  for  instance,  a  rise  of  temperatnre  cansea 
certain  flowers  {e.g,  Tnlip,  Crocus)  to  open,  and  a  fall  of  tempera- 
ture causes  them  to  close :  similarly,  a  fall  of  temperature  causes 
the  leaves  of  such  plants  as  the  Sensitive  Plant  and  the  Wood- 
Sorrel  (ftxalU  AcetoseUa)  to  fold  up,  whereas  a  rise  of  temperature 
causes  them  to  expand  (see  Fig.  471). 

c.  Irritability  to  Variations  in  the  Intensity  of  Light  {Paratonic 
Effect  of  Light;  p.  674).  This  is  exhibited  in  a  marked  manner 
by  the  majority  of  motile  members,  more  esj^ecially  leaves.  When, 
for  instance,  the  intensity  of  the  light  is  diminished,  the  perianth- 
leaves  of  many  flowers  and  the  foliage- leaves  and  cotyledons  of 
many  plants  perform  movements  which  are  termed  nyctiiropic  or 
sleep-movements  (see  p.  689).  Thus,  the  flowers  close ;  and  the 
foliage- leaves  change  their  position  in  various  ways,  assuming 
what  is  known  as  the  nocturnal  position,  so  that  they  no  longer 
present  the  surface,  but  the  margin  of  the  blade  to  the  sky.  Con- 
versely, when  flowers  or  leaves  which  have  assumed  the  nocturnal 
position  are  exposed  to  light,  or  to  brighter  light  than  before,  they 
resume  their  normal  expanded  (diurnal)  position. 

Another  remarkable  manifestation  of  this  irritability  is  that 
movements  of  variation  in  some  cases,  and  movements  of  growth 
in  most  cases,  are  retarded  or  arrested  by  exposure  to  light  of  a 
sufficient  intensity.  ^ 

In  illustration  of  the  effect  of  light  upon  movements  of  varia- 
tion, it  may  be  stated  that  certain  members,  such  as  the  leaves 
of  the  Sensitive  Plant,  which  perform  spontaneous  movements  of 
variation,  are  unable  to  do  so  when  exposed  to  bright  light: 
under  this  condition  the  leaves  become  fixed,  as  it  were,  in  the 
diurnal  position.  This  is  not,  however,  the  case  with  all  mature 
motile  members :  for  instance,  the  movement  of  the  lateral  leaf- 
lets of  the  Telegraph-plant  (^Desmodium  gyrans)  continues  even  in 
bright  sunlight. 

The  paratonic  action  of  light  on  movements  of  growth  is 
strikingly  exhibited  in  various  ways.  It  is  well  demonstrated  by 
etiolated  plants  (see  p.  674-),  that  is,  by  plants  which  have  been  kept 
in  darkness  for  some  considei^able  time.  A  characteristic  feature  of 
etiolated  shoots  is  the  excessive  length  of  their  intemodes,  as  com- 
pared with  those  of  a  shoot  which  has  been  growing  for  the  same 
period  exposed  to  the  normal  alternation  of  day  and  nigkt.  This 
excessive  elongation  in  darkness — which  occurs  as  a  rule  in  all 
radial  and  isobilatei*al  members  which  usually  grow  exposed  to 
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ligbt — is  the  resalt  of  the  absence  of  the  retarding  paratonic  action 
of  light. 

The  exceptions  to  this  nile  are  the  shoots  of  stem-climbers  (Hop,  etc.).  The 
stems  of  these  plants  have,  under  ordinary  conditions,  very  long  internoden ; 
they  seem  to  grow  to  the  utmost  even  although  they  are  exposed  to  light,  and 
they  do  not  grow  to  any  greater  length  in  darkness.  On  account  of  this  pecu- 
liarity they  have  been  termed  **  normally  etiolated  shoots.*' 

The  eff^t  of  the  paratonic  action  of  light  can  also  be  estimated 
by  direct  measurement  of  the  growing  member.  As  the  result  of 
a  g^at  number  of  comparative  measurements,  it  has  been  found, 
in  regard  to  members  of  all  kinds,  that  the  rate  of  growth  is  more 
rapid  in  darkness  than  in  light. 

An  interesting  demonstration  of  the  relation  of  the  rate  of 
growth  to  light,  is  afforded  bj  the  observation  of  the  gi-owth  of 
any  member  at  given  intervals — every  hour,  or  every  two  or  three 
hours — during  an  entire  day  of  twenty-four  hours.  By  this  means-, 
it  has  been  ascertained  that  a  growing  member  exhibits  a  regular 
daily  periodicity  in  the  variations  in  its  rate  of  growth,  which  has 
a  direct  relation  to  the  alternation  of  day  and  night. 

A  general  inspection  of  the  tracings  in  Fig.  480  shows  that  the\ 
rate  of  growth  increases  in  darkness,  and  diminishes  in  the  light. 
This  is  more  apparent  in  the  3-hour  than  in  the  1-houi*  tracing, 
for  the  latter  is  complicated  by  the  registration  of  the  spontaneous 
variations  in  the  rate  of  growth  (see  p.  739),  whereas  the  former  ia 
not,  owing  to  the  longer  interval  between  the  measurements. 

It  will  be  further  noticed  that  the  effect  of  a  change  from  dark- 
ness to  light,  or  from  light  to  darkness,  is  not  manifested  at  once ; 
but  that  after  such  a  change,  the  rate  of  growth  goes  on,  for  a^ 
time,  as  it  did  before,  until  gradually  it  alters.  In  fact,  a  growing 
member,  though  kept  in  continuous  darkness,  will  exhibit  a  more 
or  less  well-marked  periodicity  for  several  days.  This  is  a  good 
instance  of  the  general  slowness  of  reaction  which  characterises 
growing  members. 

But  it  must  be  borne  in  mind  that  variations  of  temperature 
also  affect  the  rate  of  growth.  Hence,  since  the  alternation  of 
day  and  night  is  accompanied  by  changes  of  temperature,  the 
forms  of  the  ti*acings  in  the  figure  are  not  solely  due  to  the  influ- 
ence of  light,  but  also  to  some  extent  to  that  of  temperatui*e. 
Speaking  generally,  it  may  be  said  that,  as  the  intensity  of  the 
light  diminishes  towai-ds  evening,  the  temperature  falls.      The 
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former  condition  tends  to  accelerate  growth,  but  the  latter  to 
retard  it.  The  actual  rate  of  growth  is  the  resultant  of  the 
acceleration  due  to  diminished  light,  and  of  the  retardation  due  to 
a  falling  temperature.  Similarly,  in  the  morning,  the  increasing 
intensity  of  the  light  tends  to  retard  growth,  whereas  the  rising 
temperature  tends  to  accelerate  it.  The  actual  rate  of  growth  is 
the  resultant  of  the  retardation  due  to  increased  intensity  of  light, 
and  of  the  acceleration  due  to  a  rising  temperature. 


Fia.  480.— (After  Sachs).    Dliutrating  the  daily  periodicity  of  gxx>wth  in  length. 

In  Fig.  480  there  is  given  a  graphic  repreeentation  of  two  complete  daily 
periods  of  growth  as  obserTed  in  a  Dahlia-stem.  The  abecissje  of  the  base-liDe 
represent  periods  of  two  hours,  and  the  divisions  of  the  ordinates  represent  ODits 
of  growth  in  length.  The  tracing  marked  1^  is  the  result  of  hourly  measore- 
ments  of  the  growing  stem ;  the  tracing  marked  8/»  is  the  result  of  measure- 
ments made  every  three  hours.  The  variafcions  of  temperature  have  been  also 
taken  into  account,  and  are  represented  by  the  tracing  marked  t° :  the  base-line 
represents  12°  R.,  and  five  of  the  divisions  of  the  ordinates  represent  1°  B. :  it 
will  be  seen  that  the  temperature  varied  between  about  12.5°  B.  and  15.8°  B. 
The  shaded  spaces  represent  periods  of  darkness. 

The  paratonio  action  of  light  varies  with  its  intensity :  the  more 
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intense  the  light  the  more  marked  the  paratonic  action.  Exposare 
to  very  intense  light  may  entirely  arrest  growth  for  the  time 
being. 

It  has  been  fonnd  that  the  different  rajs  of  the  spectmm  are 
not  eqnallj  active ;  the  paiutonic  effect  of  the  more  highly  refran- 
gible rays  (violet,  indigo,  blue)  is  far  greater  than  that  of  the 
rays  of  lower  refrangibility  (see  Fig.  481). 

d.  Irritability  to  the  Direction  of  Incideuee  of  the  ray8  of  Light 
(Heliotropism).  This  kind  of  irritability  is  extremely  common, 
and  generally  manifests  itself  in  the  most  striking  manner.  The 
most  active  rays  of  light  are  those  of  high  refrangibility  (violet, 
indigo,  bine). 

A  remarkable  example  of  this  is  afforded  by  the  zoospores  of 
varions  plants  (e.g,  Ulothrix,  Haamatococcas,  Botrydinm,  etc.). 


Fi».  Ml.-<After  WiMnerX  Oorre  illutnUxig  the  relative  beliotropio  effect  of  nije  of 
different  xefrangibiUty.  The  letters  ^-H  in  the  bMO-line  indicate  the  position  of  the 
more  important  lines  in  the  solar  upectmm.  The  curves  I,  II,  lU  represent  the  degree  of 
enrvatare,  nuder  the  inanence  of  the  differsnt  rays,  presented  by  the  Vetoh,  the  Cress,  and 
the  Willow  xespectively.  The  carve  sy  represents  the  relative  effect  of  the  different  rays 
in  retarding  growth ;  it  is  greatest  at  y.  and  lesst  at «. 

When  light  falls  obliquely  npon  them,  these  zoospores  arrange 
themselves  in  the  water  so  that  their  long  axes  are  parallel  to  the 
direction  of  incidence  of  the  rays ;  this  phenomenon  is  termed  Photo- 
tiueis.  Moreover,  the  direction  of  their  movement  is  also  determined 
by  the  direction  of  incidence  of  the  light.  They  move  in  the  line 
of  incidence,  bat  they  may  move  either  towards  or  away  from  the 
source  of  light ;  the  direction  depending  partly  on  the  intensity  of 
the  light,  and  partly  on  the  degree  of  irritability  of  the  zoospore. 
When  a  zoospore  moves  towards  a  sonrce  of  light,  it  is  said  to  be 
positively  phototactic;  when  away  from  it,  negatively  phototactic. 
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Another  important  case  is  the  change  of  position  of  the  chlorophjll- 
corpnscles  in  the  cells  (see  p.  686). 

Motile  cellular  members,  whether  mature  or  growing,  are,  as  a 
rule,  sensitive  to  the  directive  influence  of  the  incident  rays  of 
light.  Among  mature  motile  members,  foliage-leaves  are  those 
which  most  markedly  resppnd  to  the  directive  or  heliotropic  influ- 
ence of  light ;  among  growing  members,  it  is  more  especially  stems 
and  leaves  which  are  sensitive,  but  roots  have  in  many  cases  been 
found  to  be  so.  All  these  irritable  members  take  up  a  definite 
position,  the  light-position  (p.  688),  with  reference  to  the  direction 
of  incidence  of  the  rays  of  light.  Members  capable  of  performing 
movements  of  variation  can,  if  necessary,  change  their  light- 
position,  whereaR  the  light-position  of  other  members  can  only  be 
changed  so  long  as  they  are  growing. 

The  particular  position  which  the  member  assumes  under  the 
heliotropic  influence  of  light,  depends  upon  its  organisation.  Three 
classes  of  members,  namely  the  dorsiventral,  the  isobilateral,  and 
the  radial,  have  therefore  to  be  considered. 

It  may  be  generally  stated  of  dorsiventral  members,  that,  for  a 
certain  mean  intensity  of  light,  their  light-position  is  such  that 
the  morphologically  upper  (ventral)  surface  is  directed  towards 
the  source  of  light,  and  lies  in  a  plane  perpendicular  to  the 
direction  of  incidence  of  the  rays  :  that  is,  they  are  diaheliotropic. 

It  must,  however,  be  borne  in  mind  that  the  position  of  dorsiventral  mem- 
bers with  regard  to  light  may  not,  in  nature,  always  be  foond  to  be  exactly  that 
described  above,  because  other  directive  influences  are  in  operation  which 
iDterfere  with  the  effect  of  light.  When,  by  appropriate  arrangements,  the 
effect  of  the  other  influences  is  removed,  and  light  alone  is  acting,  the  tmth  of 
the  above  statement  will  be  demonstrated. 

The  case  of  motile  foliage-leaves  may  be  taken  first  in  illustra- 
tion, such  as  those  of  the  Sensitive  Plant,  Robinia,  Scarlet  Runner, 
etc.  When  these  leaves  are  exposed  to  light  of  suflScient  intensity 
to  cause  them  to  assume  the  diurnal  position  (see  p.  689),  their 
upper  (ventral)  surfaces  are  at  right  angles  to  the  direction  of 
incidence  of  the  rays.  If,  on  ihe  one  hand,  the  light  to  which 
they  are  exposed  becomes  less  intense  than  this,  they  will  manifest 
no  sensibility  to  its  direction  of  incidence,  but  will  merely  assume 
the  nocturnal  position.  If,  on  the  other  hand,  the  light  becomes 
more  intense,  then  the  leaves  will  alter  their  position  so  that  the 
blades  will  present  their  edge,  instead  of  their  ventral  surface,  to 
the  incident  rays  (paraheliotropism,  see  p.  689). 
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In  the  case  of  foliage-leaves  and  other  dorsiventral  members 
•which  cannot  execate  movements  of  variation,  the  light-position  is 
assumed  in  the  course  of  development,  and  is  fixed.  Since  it 
cannot  be  altered  in  relation  to  variations  in  the  intensity  of  the 
incident  rays,  the  position  assumed  is  determined  by  the  most 
frequent  direction  of  incidence  of  the  rays  of  suitable  intensity. 
For  instance,  the  fixed  light- position  of  the  foliage -leaves  of  plants 
growing  free  in  the  open,  is  nsaally  not  such  that  the  ventral 
surface  is  horizontal,  facing  the  zenith ;  but  such  that  it  is  directed 
towarda  that  quarter  of  the  sky  from  which,  not  the  brightest 
sanlight,  but  the  brightest  diffuse  daylight,  falls  perpendicularly 
upon  it.  In  fact,  it  is  not  unusual  to  find  that  the  fixed  light- 
position  of  leaves,  when  the  light  is  of  high  average  intensity,  is 
such  that  the  surfaces  are  vertical,  so  that  the  margin  is  pre- 
'sented  to  the  zenith.  Under  these  circumstances  both  surfaces 
-are  equally  exposed  to  light,  and  the  structure  of  the  leaf  becomes 
jnore  or  less  isobilateral  (see  pp.  164,  686). 

A  most  remarkable  instance  of  a  fixed  light-position  with  vertical  sur races, 
is  afforded  by  the  so  called  **  Compass -plants,"  Silphium  laciniatumt  and 
JLactuca  Scariola,  The  surfaces  of  the  leaves  of  these  plants  are  not  only 
vertical  when  folly  exposed  to  bright  light,  but  they  place  themselves  in  a 
vertical  plane  which  more  or  less  nearly  coincides  with  the  meridian  of  the 
locality,  the  surfaces  of  the  leaves  facing  east  and  west.  It  is  this  relation  o^ 
the  fixed  light-position  of  the  leaves  to  the  points  of  the  compass  which  sug- 
gested the  name  "  Compass-plants.*' 

The  fact  that  the  ultimate  position  of  dorsiventral  leaves  is 
jnainly  determined  by  light,  is  dcmonsti*ated  by  removing  them — 
.whilst  still  growing,  and  therefore  capable  of  a  change  of  posi- 
tion— from  its  influence.  In  darkness  these  leaves  take. up  an 
altogether  different  position'  (see  Fig*  479),  becoming  curved  in 
various  ways;  when  again  exposed  to  light  they  resume  their 
previous  diaheliotropic  position. 

With  reference  now  to  radial  members,  it  may  be  generally 
stated  that  the  essential  feature  of  their  response  to  the  directive 
influence  of  light  is  that  they  tend  to  place  their  long  axes  in  the 
direction  of  incidence  of  the  brightest  light  falling  upon  them. 
Whereas  in  the  case  of  dorsiventral  members  the  important  point 
is  the  relation  of  the  morphologtcully  upper  surface  to  the  direction 
of  the  incident  rays ;  in  the  case  of  radial  members  the  important 
point  is  the  relation  of  the  long  axis  to  the  direction  of  the  incident 
rays. 
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An  exact  coincidence  between  the  direction  of  the  long  axis  of  the  member 
and  tbat  of  the  incident  rays  is,  however,  not  always  attained  in  nature,  on 
account  of  the  antagonistic  action  of  other  directive  influences.  This  point  is 
more  fully  discussed  on  p.  757. 

It  must  be  mentioned  that,  inasmnch  as  there  are  no  radial 
members  which  are  both  heiiotropically  irritable  and  capable  of 
performing  moyements  of  yariation,  all  that  is  here  said  refers  to 
growing  radial  members. 

In  illustration,  the  case  of  a  radial  member  which  has  been 
grown  in  the  dark  may  be  taken,  and  it  may  be  assumed  to 
be  yertical.  Light  is  allowed  to  fall  upon  it  from  one  side ;  the 
effect  is  a  gradual  curyature  of  the  member,  as  it  continues  to 
grow,  so  that  its  long  axis  comes  to  coincide  more  or  less  nearly 
with  the  direction  of  the  incident  rays. 

But  the  curyature  may  be  in  one  of  two  directions ;  it  may  be 
either  such  that  the  apex  of  the  member  comes  to  point  towards 
the  source  of  light,  or  such  that  it  points  in  the  opposite  direction. 
When  the  former  is  the  case  the  member  is  said  to  be  pontively 
heliotropic ;  when  the  latter,  it  is  said  to  be  negatively  heUotropic. 

The  nature  of  the  curyature,  whether  positive  or  negative, 
depends  upon  the  specific  irritability  of  the  member.  Thus,  gene- 
rally speaking,  primary  shoots,  including  such  forms  as  the  stems 
of  Chara  and  Nitella,  the  peduncles  of  flowers,  the  stipes  of  the 
larger  Fungi,  and  the  gonidiophores  of  Moulds,  as  also  radial 
leaves  such  as  those  of  the  Onion,  are  positively  heliotropic. 
Negative  heliotropism  has  been  observed  in  many  roots,  especially 
aerial  roots,  and  in  the  root-hairs  of  Marchantia.  With  regard  to 
shoots,  the  hypocotyl  of  Yiscum,  the  Mistletoe,  is  negatively  helio- 
tropic. 

Although  the  relation  between  the  external  symmetry  of  the 
member  and  its  heliotropic  irritability  is  generally  that  indicated 
above,  yet  there  are  exceptions  :  all  dorsiventral  members  are  dia- 
heliotropic ;  but  not  all  radial  members  are  positively  or  negatively 
heliotropic,  for  some  of  them  are  diaheliotropio.  It  seems  that 
continual  exposure  to  intense  light  falling  on  one  side  induces  at 
least  physiological  dorsiventrality  in  some  radial  members  (e,g. 
shoots  of  Ivy  and  Tropesolum), 

It  is  frequently  stated  that  exposure  to  intense  light  causes  a  reversal  of 
heliotropic  properties  in  radial  members;  for  instance,  that  a  shoot  which  is 
positively  heliotropic  in  moderately  intense  light  becomes  negatively  heliotropic 
in  very  intense  light.    The  true  explanation  of  such  cases  is  probably  this,  that 
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onder  the  influenoe  of  intense  anilateral  illamination,  the  radial  organ  becomeB 
physiologically  dorsiventral ;  it  is  then  diaheliotropio  {not  negatively  helio- 
tropic)  in  place  of  heing  positively  heliotropio,  and  any  oarvature  which  it  may 
present  is  dae  to  epinasty  or  hypooasty. 

The  flattened,  typically  isobilateral,  leaves  of  varions  Monocoty- 
ledons, such  as  those  of  Iris,  appear  to  be  positively  heliotropic. 

e.  Irrifability  to  the  Directive  Influence  of  Gravity  {Qeotrttpism), 

The  efiPects  of  the  stimnlating  directive  action  of  gravity  must 
be  clearly  distingaished  from  those  which  are  due  to  the  mere 
weight  of  the  parts.  It  is  only  the  former  which  are  referred  to 
by  the  term  geoiropi^m.  The  geotropic  curvatures  are  effected 
with  considerable  force,  and  will  take  place  even  against  consider- 
able resistance;  for  instance,  it  has  been  observed  that  the  pri- 
mary roots  of  seedlings  will  curve  downward  into  mercury. 

Geotropic  irritability  is  manifested  by  various  members,  such  as 
stems,  leaves,  and  roots.  The  phenomena  of  geotropism  in  the 
three  categories  of  members,  the  dorsiventral,  the  radial,  and  the 
isobilateral,  will  now  be  studied. 

With  regard  to  dorsiventral  members,  it  appears  that  many 
leaves,  both  growing  and  motile,  lateral  shoots  of  Conifers  and  of 
many  dicotyledonous  shrubs,  runners,  et<j.,  which  are  dorsiventral, 
take  up  such  a  position,  when  acted  upon  solely  by  gravity,  that 
their  longitudinal  axis  is  horizontal — that  is,  at  right  angles  to  the 
line  of  action  of  gravity,  the  vertical — and  that  their  morphologi- 
cally superior  surface  is  directed  upwards.  If  these  members  are 
moved  out  of  this  position  so  that  their  long  axis  is  not  horizontal, 
they  curve  until  it  is  so ;  or  if  they  be  so  moved  that  the  nor- 
mally upper  surface  faces  downwards,  they  twist  until  it  faces  up- 
wards. These  members  behave  in  respect  to  the  line  of  action  of 
gravity  just  as  they  do  to  the  direction  of  the  incident  rays  of 
light.     They  are  diageotropic^  just  as  they  are  diaheliotropio. 

It  is  a  familiar  fact  that  at  all  points  of  the  earth's  surface  typi- 
cal i-adial  members,  such  as  primary  shoots  and  roots,  g^ow  with 
their  long  axis  vertical,  but  with  this  difference,  that  the  direction 
of  growth  of  the  primary  shoots  is  away  from  the  centre  of  the 
earth,  whereas  that  of  the  primary  roots  is  towaixis  the  centre  of 
the  earth.  It  can  be  readily  demonstrated  (by  Knight's  machine. 
Fig.  483)  that  this  vertical  direction  of  growth  is  due  to  the  force 
of  gravity,  that  it  is,  in  fact,  a  phenomenon  of  geotropism.  But 
the  effect  produced  is  precisely  opposite  in  the  two  cases ;  px*imary 
shoots  grow  in  a  direction  opposed  to  that  of  the  action  of  gravity, 

v.s.  B.  3  c 
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they  are  negatively  geotropic ;  primary  roots  grow  in  the  same  direc- 
tion as  that  of  the  action  of  gravity,  they  are  positively  geotropic. 

If  these  members  be  moTed 
out  of  their  normal  position, 
they  will  retnm  to  it  by 
performing  geotropic  cnr- 
vature  (Fig.  482). 

The  principle  of  Kmght*8  ma- 
chine is  to  expose  growing  plants 
to  the  action  of  centrifugal  force, 

Fio.482.--Geotroplcciirvato«of  aPe-s eedling  •i*^*'  *^?^^  (Fig.  488  B)  or  to- 
placed  horizontally.  The  thicker  outline  indicateB  gether  with  gravity  {A),  The 
the  origiaal  poaiiioDt  of  the  primary  shoot  and  object  of  it  k  to  demonstrate 
root;  the  shoot  •  hM  curved  upwards  in  the  that  gravity  is  the  directive  force 
course  of  if  growth,  the  root  •  ha.  curved  ^j^.^j^  determines  the  relative 
downwards.    The  bud  at  the  apex  of  the  shoot       j,.      ^.  .  ^i_      .     , 

is  nutating.  directions  of   growth   of  shooto 

and  roots ;  the  line  of  reasoning 
being,  that  if  the  direction  of  growth  of  roots  and  shoots  can  be  affected  by  a 
known  physical  force,  snch  as  the  centrifagal  force  of  a  rapidly  rotating  wheel,  in 
a  manner  analogous  to  that  observable  in  nature,  it  may  be  concluded  that  the 
natural  direction  of  growth  of  these  members  is  the  result  of  the  action  of  a 
physical  force,  and  this  force  is  doubtless  that  of  gravity.  In  Fig.  A,  the  seed- 
lings have  been  grown  on  a  rapidly  rotating  horizontal  wheel,  and  exposed 
consequently  to  the  action  both  of  gravity  and  of  eentrifngal  force :  the  result 
is,  that  the  primary  roots  and  shoots  still  grow  in  diametrically  opposite  direc- 
tions, but  the  line  of  growth  is  not  vertical,  as  in  nature,  but  oblique;  hence  it 
follows  that  the  direction  of  growth  of  both  root  and  shoot  has  been  affected  by 
the  centrifugal  force.  In  £,  the  seedlings  have  been  grown  on  a  rapidly  rota- 
ting vertical  wheel :  in  consequence  of  the  continuous  change  in  position  with 
regard  to  the  vertical,  it  is  obvious  that,  in  this  experiment,  the  directive  action 
of  gravity  is  elinainated,  for  all  parts  of  the  seedlings  are  acted  upon  by  gravity 
for  successive  equal  times  in  opposite  directions :  the  only  force  iu  action  is  tb« 
eentrifugal  force,  with  the  result  that  the  primary  shoots  have  grown  towards 
the  centre  of  the  wheel,  in  a  direction  contrary  to  that  of  the  line  of  action  of 
the  centrifugal  force,  whilst  the  primary  roots  have  grown  outwards,  away 
'from  the  centre  of  the  wheel,  in  the  same  direction  as  the  action  of  the  eentri- 
fngal force.  It  is  clear  from  these  facts  (1)  that  a  purely  physical  force  can 
determine  the  direction  of  growth  of  roots  and  shoots :  (2)  that  the  physical 
force  employed  (centrifugal  force)  affects  primaiy  roots  and  shoots  in  a  precisely 
contrary  manner :  and  it  may  be  concluded  that  since  the  phenomena  prodaced 
by  the  action  of  centrifugal  force  in  these  experiments  are  quite  analogous  to 
those  observable  in  nature,  the  cause  of  the  natural  phenomena  is  also  a  purely 
physical  force,  and  the  force  of  gravity  is  the  one  which  meets  all  the  necessary 
conditions. 

Another  mode  of  experimental  proof  is  by  means  of  a  machine  termed  s 
eUnMtat,    This  machine  differs  from  Knight's  machine  in  that  the  rotation  of 
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the  plant  is  very  slow,  so  that  no  centrifugal  force  is  set  up.  The  principle  of 
it  is  that,  by  slowly  rotating  a  plant  by  means  of  a  Tertioal  wheel  either  (as  in 
Fig.  488  B)  with  the  long  axis  of  the  plant  in  the  plane  of  the  wheel,  or  with  the 


Fie.  i83  (after  Knight).— Dimgrams  illustrating  experimenta  with  Knight's  maohine.    A 
Wheel  rotating  horizontaUy  on  a  Tertioal  axis  j  B,  wheel  rotating  Tertically  on  a  horisontal 
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long  axis  of  the  plant  perpendicular  to  the  plane  of  the  wheel,  each  part  ib  ex- 
posed for  successive  equal  times  to  the  action  of  gravity  in  precisely  opposite 
directions,  so  that  the  directive  action  of  gravity  neutralises  itself.  The  result 
is  that  a  stem  or  root  with  its  long  axis  horizontal  remains  perfectly  straight 
when  rotated  on  the  clinostat,  provided  that  other  disturbing  influences  (light, 
etc.)  are  excluded ;  and  the  fact  that  the  empirical  results  given  by  the  machine 
exactly  correspond  to  what  would  be  theoretically  anticipated  on  the  hypothesis 
that  gravity  is  the  active  directive  force  in  geotropio  curvature,  is  strong  con- 
firmatory evidence  of  the  conclusions  to  be  drawn  from  experiments  with 
Knight's  machine. 

The  geotropic  influence  of  gravity  is  greatest  when  the  radial 
member  is  in  a  horizontal  position;  that  is,  the  carvatnre  into  the 
noinnal  position  then  takes  place  with  the  greatest  rapidity.  But 
the  visible  effect  is  the  Tnore  marked,  the  further  the  member  is 
removed  from  its  normal  position ;  for  instance,  when  a  primary 
shoot  is  turned  npside  down,  a  curvature  of  180^  has  to  be  per- 
formed in  order  that  the  apex  may  again  point  upwards. 

In  addition  to  the  primary  shoots  of  seedlings,  the  following  radial  members 
are  negatively  geotropic ;  the  stipes  of  Mushrooms,  the  gonidiophores  of  Moulds, 
the  stems  of  Gharaceie,  the  stalks  of  the  receptacles  of  Liverworts,  the  peduncles 
of  many  flowers,  the  setsd  of  Mosses,  etc.  Also  isobilateral  leaves,  such  as  those 
of  Iris ;  when  placed  horizontally  in  darkness,  whether  flat  or  edgeways,  they 
curve  upwards. 

In  addition  to  the  primary  roots  of  seedlings,  the  following  radial  members 
are  positively  geotropic ;  the  hypha  of  Fungi  which  penetrate  into  the  sub- 
stratum, the  root- like  filaments  of  Vaucheria,  and  other  Algn,  the  rhizoids  of 
MuscineiB,  the  rhizomes  of  Yucca  Jilamento$a  and  of  Cordyline  rubra,  etc. 

An  instance  of  the  absence  of  geotropio  irritability  in  a  growing  member  is 
afforded  by  the  hypocotyl  of  the  Mistletoe. 

The  degree  of  geotropic  irritability  is  not  the  same  in  all  radial 
members.  It  may  be  generally  stated  that  the  lateral  branches 
both  of  shoots  and  roots  are  less  irritable  than  primary  shoots  and 
roots.  For  instance,  the  secondary  branches  of  roots  grow,  not 
vertically  downwards,  but  obliquely  outwards  and  downwards,  in 
the  soil. 

All  radial  members  are  not,  however,  either  positively  or  nega- 
tively geotropic ;  some,  such  as  the  rhizomes  of  Heliocharis palustrii^ 
Sparganium  ramosum,  and  Scirpus  maritimus,  are  diageotropic. 

It  has  been  observed  in  some  cases  that  the  nature  of  the  geo- 
tropic irritability  of  a  member  may  change  in  the  course  of  its 
development.  For  instance,  the  peduncle  of  the  Poppy  is  posi- 
tively geotropic  whilst  the  flower  is  in  the  bud,  but  negatively 
geotropic  during  flowering  and  fruiting.      Again,  the  flowers  of 
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the  DafFodil  are  negatively  geotropic  when  in  the  bud,  but  they 
become  diagootropic  as  they  open. 

/.  Irritability  to  Differences  in  the  degree  of  Moisture  in  the  sur- 
rounding Medium  (Hydrotropism), 

Irritability  of  this  kind  is  especially  characteristic  of  earth-roots 
which  possess  it  in  a  high  degree.  It  can  be  readily  demon- 
sti'ated  by  a  well-known  experiment.  Peas  or  Beans  ai'e  made  to 
germinate  in  a  sieve  full  of  damp  sawdust,  the  sieve  being  sus- 
pended in  a  slanting  posifcion*  The  primary  roots  grow  down- 
wards through  the  sawdust,  and  escape  into  the  air  (which  ia 
kept  moist).  At  first  they  grow  vertically  downwards  in  conse- 
quence of  their  positive  geotropism,  but  they  soon  curve  up- 
wards towards  the  moist  surface.  They  do  this  in  virtue  of  their 
hydi-otropic  instability,  and  it  is  clear  that  they  are  positively 
hydrotropic. 

g.  Irritability  of  other  kinds.  It  has  been  ascertained  by  experi- 
ment that  members  of  various  kinds  may  be  stimulated  to  curva- 
ture by  other  causes,  such  as  difPerences  of  temperature  on  the 
two  sides,  galvanic  currents,  the  flowing  of  currents  of  water,  and 
by  the  presentation  of  various  chemical  substances;  but  these 
various  phenomena  are  not  of  such  immediate  importance  to  the 
well-being  of  the  plant  as  those  which  have  been  described  above 
in  detail. 

The  stimulating  action  of  certain  chemical  substances  (chemio' 
taxis)  is,  however,  of  some  importance  in  connexion  with  the 
reproductive  processes.  It  had  been  frequently  observed  that  the 
motile  male  cells  (spermatozoids)  of  plants  possessing  them 
appeared  to  be  attracted  to  the  female  organ,  fertilisation  being 
thns  ensured;  but  the  cause  of  this  has  only  recently  been  as- 
certained, and  only  in  certain  cases.  It  appears  that  the  female 
organ,  when  it  is  fit  for  fertilisation,  excretes  into  the  suri*ound- 
ing  water  a  substance  which  attracts  the  male  cells.  In  Ferns 
and  Selaginella  this  substance  is  a  compound  of  malic  acid ;  in 
Mosses  it  is  cane-sugar. 

§  13.  Localisation  of  Irritability.  Among  members  which 
perform  movements  of  variation,  there  are  many  instances  of  well- 
defined  localisation  of  irritability.  Thns,  in  the  Sensitive  Plant, 
no  movement  ensues  when  the  upper  side  of  the  pulvinns  of  the 
primary  petiole  is  touched,  but  only  when  the  sensitive  hairs  on 
the  nnder  side  of  the  pulvinus  are  touched ;  and,  in  the  leaflets, 
it  is  the  upper  side  of  the  pulvinus  which  is  sensitive.    In  Drosera, 
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the  irritabilitj  of  the  tentacles  is  localised  in  the  terminal  gland. 
In  Dionaea,  movement  only  ensnes  when  the  iri-itable  hairs  on  the 
upper  snrface  of  the  leaf  are  touched. 

Among  growing  organs,  tendrils  offer  well-marked  localisation 
of  irritability.  In  most  tendrils  the  lower  or  basal  part  is  either 
not  at  all  sensitive,  or  is  sensitive  only  to  prolonged  contact. 
Most  tendrils  have  their  tips  slightly  hooked,  and  their  irritability 
is  localised  in  the  concavity  of  this  curvature.  The  tendrils  of 
CoboBa  scandens  and  of  Cissus  discolor  are  irritable  on  all  sides ;  in 
those  of  Mutisia  the  inferior  and  lateral  surfaces  are  irritable,  bat 
not  the  isuperior.  The  irritability  of  the  root  to  the  pressure  of 
obstacles  (see  pp.  683,  743)  is  localised  in  the  tip. 

The  foregoing  examples  sufficiently  prove  the  localisation  of 
irritability  to  mechanical  stimulation :  and  the  question  arises 
whether  or  not  irritability  to  other  stimuli  is  also  localised.  It 
has  been  ascertained  that  this  is  the  case,  in  connexion  with 
heliotropism  and  geotropism,  at  least  in  certain  plants.  Thus,  the 
heliotropic  irritability  (i.e.  sensitiveness  to  the  directive  influence 
of  light)  of  the  cotyledons  of  certain  Grasses,  though  not  abso- 
lutely confined  to  the  tip,  has  been  found  to  reside  especially  in 
that  pai't,  and  the  same  is  the  case  with  the  primary  shoot  of 
many  dicotyledonous  seedlings  and  with  young  shoots  of  various 
plants.  The  geotropic  irritability  of  roots  also  resides  in  the  tip, 
and  this  appears  to  be  also  true  of  other  members. 

§  14.  Transmission  of  Stimuli.  The  most  striking  instances 
of  this  are  offered  by  motile  leaves,  such  as  those  of  the  Sensitive 
plant  and  of  Drosera.  If  the  terminal  pair  of  leaflets  of  a  pinna 
of  the  leaf  of  the  Sensitive  Plant  be  irritated,  not  only  will  they 
fold  up,  but  each  of  the  other  pairs  of  leaflets  of  the  same  pinna 
will  fold  up  in  succession ;  if  the  stimulus  is  sufficiently  strong, 
its  effect  may  extend  to  other  pinnae  causing  their  leaflets  to  fold 
up,  or  to  the  secondary  petioles  causing  them  to  converge,  or  even 
to  the  main  petiole  which  then  sinks  downward  (see  Fig.  472). 
Stimulation  of  one  leaf,  if  sufficiently  powei*ful,  will  cause  move- 
ment in  another.  In  the  case  of  Drosera,  stimulation  of  the  central 
tentacles  of  a  leaf  causes  the  inflexion  of  the  marginal  tentacles. 

In  so  far  as  heliotropic  and  geotropic  irritability  is  localised  in 
the  tips  of  growing  members,  these  must  also  affoixi  instances  of 
transmission  of  stimuli.  The  stimulus  acts  upon  the  irritable  tip, 
and  the  impulse  is  transmitted  to  the  region  in  which  the  curva* 
tui^  takes  place. 
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Tlie  means  by  which  stimuli  are  transmitted  is  a  matter  which 
is  still  under  discuRsion ;  but  it  appears  that  the  means  of  trans- 
mission, is  not  the  same  in  all  cases.  Whilst  in  some,  such  as 
tendrils  and  the  leaves  of  Drosera,  the  stimulus  is  probably  trans- 
mitted by  means  of  the  delicate  protoplasmic  filaments  which  con-  • 
nect  the  protoplasm  of  adjacent  cells  (see  p.  91) ;  in  others,  for 
instance  Mimosa  pudica^  the  stimulus  is  transmitted  as  a  dis- 
turbance of  the  hydrostatic  equilibrium  of  the  cells :  it  would,  in 
fact,  appear  that  whilst  the  former  means  of  transmission  suffices 
for  a  short  distance,  the  latter  is  necessary  when  the  distance  to 
be  traversed  is  considerable.  In  Mimosa  pudica  there  appears  to 
be  a  special  tissue  along  which  the  stimulus  is  conducted :  it  be- 
longs to  the  bast,  and  consists  of  large  elongated  cells  with  pitted 
cellulose  walls. 

The  Latent  Period.  It  has  been  observed,  more  especially  with 
regard  to  the  heliotropic  and  other  curvatures  of  radial  growing 
organs,  that  the  curvature  does  not  become  apparent  for  some  con- 
siderable time  after  the  stimulus  has  begun  to  act.  This  interval 
is  the  Latent  Period.  For  instance,  it  has  been  ascertained  that 
the  primary  shoots  of  Bean-seedlings  do  not  begin  to  curve  helio- 
tropically  for  two  hours  after  an  exposure  of  one  hour  to  unilateral 
illumination. 

When,  however,  the  stimulus  to  curvature  has  acted  for  a 
sufficient  time,  the  curvature  will  eventually  take  place  even 
though  the  stimulus  has  ceased  to  act :  the  conditions  of  curvature 
have  been  induced,  that  is,  even  before  the  curvature  can  be 
observed. 

•  In  explanation,  it  may  be  suggested  that,  in  growing  members, 
the  stimulus  is  conveyed  but  slowly  from  the  seat  of  irritability 
to  the  seat  of  curvature ;  and  it  is  obvious  that  the  curvature  of  a 
growing  cellular  member  is  a  process  which,  on  mechanical  grounds 
in  relation  with  the  rate  of  growth,  cannot  be  effected  rapidly. 

§  15.  Combined  Effects  of  different  Stimuli.  Inasmuch 
as  it  is  commonly  the  case  that  the  motile  members,  whether 
growing  or  mature,  are  irritable  to  stimuli  of  various  kinds,  it  is* 
clear  that  the  assumption  by  them  of  any  particular  position  is 
the  resaltant  effect  of  the  stimuli  which  may  be  acting  simul- 
taneously. The  phenomena  in  question  are  strikingly  manifested 
by  growing  members,  and  it  is  to  these  that  the  following  account 
especially  refers. 

According  to  the  position  assumed  in  the  course  of  their  growth 
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under  the  influence  of  varionfl  external  directive  inflaences,  plant- 
members  may  be  convenientlj  classified  into  those  which  haye 
their  long  axis  vertical,  and  those  which  have  their  long  axis 
oblique  or  horizontal,  the  former  are  distinguished  as  crihotropic, 
the  latter  as  jplagiotropic.  Most  radial  and  isobilateral  members 
are  orthotropic ;  all  dorsi ventral,  and  some  radial  members,  are 
plagiotropio.  For  instance,  radial  primary  shoots  and  roots  are 
orthotropic ;  all  dorsiventral  leaves,  etc.,  are  plagiotropio ;  lateral 
branches  of  shoots  and  roots,  even  though  radial,  are  plagiotropio* 

The  directive  influences  which  mainly  determine  the  direction 
of  growth  of  radial  primary  shoots  are  gravity  and  the  direction 
of  the  incident  rays  of  light,  and  the  shoots  themselves  are  nega- 
tively geotropio  and  positively  heliotropic.  If  only  the  conditions 
are  such  that  each  side  of  the  shoot  receives  an  equal  amount  of 
light,  as  when  the  plant  grows  quite  in  the  open,  no  heliotropic 
curvature  takes  place,  and  the  shoot  grows  erect.  But  when  one 
side  of  the  plant  is  shaded,  as  when  it  grows  by  the  side  of  a  hedge, 
the  shoot  in  most  cases  curves  heliotropically  out  of  the  vertical. 
This  curvature  is  the  resultant  effect  of  the  negative  geotropism 
of  the  shoot  which  tends  to  keep  it  straight,  and  its  positive  helio- 
tropism  which  tends  to  make  it  curve  more  than  it  actually  does. 
Unilateral  illumination  usually  causes  some  degree  of  curvature 
in  shoots,  because,  as  a  rule,  their  heliotropic  irritability  is  higher 
than  their  geotropic  irritability.  Exceptions  to  this  rule  have 
been  found  in  the  inflorescences  of  Yerbascnm  and  Dipsacus, 
which  remain  erect  even  when  one  side  is  shaded. 

Similarly,  the  influences  which  ordinarily  determine  the  direc- 
tion of  growth  of  radial  primary  roots,  are  gravity  and  the  distri- 
bution of  moisture  in  the  soil.  If  the  soil  is  uniformly  moist,  the 
root  grows  vertically  downwards  under  the  influence  of  gravity; 
but  if  the  soil  is  not  uniformly  moist,  the  root  will  curve  out  of 
the  vertical  towai*ds  the  moister  area,  because  its  bydrotropic  is 
greater  than  its  geotropic  irritability. 

The  conditions  which  determine  the  plagiotropio  position  of 
most  radial  lateral  branches  of  shoots  are  these :  they  are  nega- 
tively geotropic,  and  they  are  diaheliotropic,  at  least  in  intense 
light.  In  darkness  they  grow  erect,  in  virtue  of  their  negative 
geotropism.  Some  radial  subteiTanean  rhizomes  are,  however,  dia- 
geotropic  (see  p.  754).  The  oblique  growth  of  lateral  roots  is 
simply  due  to  their  feeble  geotropio  irritability. 

The  conditions  which  determine   the  plagiotropic  position  of 
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dorsiventral  members  are  these :  they  are  botli  diageotropio  and 
diaheliotropic.  But  inasmuch  as  their  heliotropic  is  higher  than 
their  geotropic  irritability,  their  ultimate  position  is  that  in  which 
the  incident  i*aj8  of  appropriate  intensity  fall  nearly  or  exactly 
at  right  angles  upon  the  upper  surface. 

It  will  be  observed  that,  as  a  rule,  in  growing  members  which 
are  heliotropically  irritable,  this  irritability  is  higher  than  any 
other ;  consequently  the  ultimate  position  assumed  by  the  mem- 
ber is  mainly  determined  by  the  direction  of  the  incident  rays  of 
light,  and  it  is  termed,  therefore,  a  light^position  (see  p.  748), 
although  other  directive  influences  may  have  contributed  to  its 
assumption. 

The  most  remarkable  case  of  combined  effects  is  afforded  by  the 
growth  of  twining  stems.  A  twining  stem,  at  its  first  develop- 
ment, is  straight,  but  after  it  has  come  to  consist  of  two  or  three 
intemodes  its  apex  hangs  over  to  one  side,  for  the  stem  is  not 
sufficiently  rigid  to  support  its  own  weight.  It  then  exhibits  cir- 
cumnutation  in  a  marked  manner.  If  once  it  comes  into  contact 
with  a  more  or  less  vertical  support  of  appropriate  thickness,  it 
twines  round  it. 

The  analysis  of  the  phenomenon  of  twining  is  still  a  matter  of 
discussion.  The  main  facts  are  the  following.  Twining  stems  are 
strongly  negatively  geotropic ;  this  is  proved  by  the  fact  that  they 
will  not  twine  round  very  oblique  or  horizontal  supports.  Again, 
contact  with  a  support  interferes  mechanically  with  the  circumnu- 
tation  of  the  stem,  and  causes  it  to  take  place  in  an  orbit  of  which 
the  support  is  the  axis.  Finally,  a  twining  stem  usually  undergoes 
torsion,  that  is,  a  twisting  about  its  own  axis,  and  this  has  been 
suggested  as  an  essential  factor  in  the  process  of  twining ;  but  there 
is  not  evidence  to  support  this  suggestion. 

The  commonly  accepted  explanation  of  twining  is  that  it  is 
due  to  the  negative  geotropism  of  the  stem,  combined  with  its  oir* 
cumnu tation  modified  by  contact  with  the  support;  but  it  is 
doubtful  if  this  explanation  is  adequate.  It  has  been  suggested, 
with  some  show  of  reason,  that  twining  stems  are  irritable,  like 
tendrils,  though  in  a  less  degree,  to  continuous  contact  with  a  sup* 
port.  It  is  admitted  that  the  stem  of  the  Dodder  (see  pp.  686, 
743)  is  thus  irritable.  If  this  be  so,  then  the  irritability  of  twining 
stems  is  the  most  important  factor  in  the  process. 

In  order  to  investigate  independently  the  degree  and  the  kind  of  geotropie 
and  heliotropic  irritability  of  a  member,  it  is  neoessary  to  be  able  to  exolude 
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the  directive  influenee  of  light  and  of  f<ravity.  The  influenoe  of  light  ean  be 
easily  elimated  by  performing  the  experiments  in  darkness,  or  by  rotating  the 
plant  so  that  each  part  of  the  member  under  observation  is  exposed  for  equal 
lengths  of  time  to  rays  of  light  falling  apon  it  in  all  directions,  so  that  the4ielio- 
tropio  effect  is  the  same  on  all  sides,  and  no  oarvatare  is  produced.  The  influ- 
ence of  gravity  can  likewise  be  eliminated  by  slowly  rotating  the  planit,  so  that 
each  side  of  the  organ  is  placed  for  equal  times  successively  in  all  possible 
positions  with  respect  to  the  vertical;  the  geotropic  effect  is  therefore  the 
same  on  all  sides,  and  no  curvature  is  produced.  The  instrument  used  for  this 
purpose  is  the  dinostat  (see  p.  752). 

§  16.  Conditions  of  Movement.  Inasmucli  as  the  move- 
ments under  consideration  are  vital,  they  can  only  take  place 
when  the  external  conditions  are  favourable  to  the  life  of  the 
plant.  The  following  conditions  are  essential ;  a  moderate  tem- 
pei*atnre,  extremes  of  heat  and  cold  arrest  movement ;  a  supply  of 
water,  all  movements  are  arrested  by  drought ;  a  supply  of  free 
oxygen,  in  the  case  of  aerobiotic  plants  (p.  722) ;  and,  in  some 
cases,  exposure  to  light  of  a  certain  intensity. 

The  importance  of  exposure  to  light  as  a  condition  of  movement 
requires  special  consideration.  It  has  been  ascertained  to  be 
essential  to  movements  of  the  most  different  kind.  For  instance, 
a  Bacterium  {Bacterium  photometrictim)  has  been  found  to  be 
motile  only  when  exposed  to  light.  Again,  various  movements  of 
variation,  such  as  those  of  the  foliage-leaves  of  Mimosa,  etc^  do 
not  take  place  unless  the  plant  either  is,  or  recently  has  been, 
exposed  to  light.  But  the  most  important  case  is  the  arrest 
of  growth  of  dorsiventral  members  when  kept  in  darkness.  For 
example,  if  a  potato-tuber  sprouts  in  a  dark  chamber,  the  produced 
shoots  have  excessively  elongated  internodes  (see  p.  674),  but  very 
small  leaves ;  the  growth  of  the  leaves  is  arrested  in  darkness. 
On  the  other  hand,  intense  light  retards  movement  (e,g.  its  action 
on  growth)  or  altogether  arrests  it  (e.g.  arrest  of  spontaneous 
movement  of  the  leaves  of  the  Sensitive  Plant). 

What  is  exactly  the  influence  of  light  in  promoting  movement 
ifl  not  understood,  but  it  is  termed  the  phototonic  influence  (p. 
674)  :  it  induces,  that  is,  a  particular  condition,  the  condition  of 
phototonus^  in  the  protoplasm,  without  which  movement  is  im- 
possible. It  appears  that  the  rays  of  low  refrangibility  (red- 
yellow)  are  most  favourable  for  the  phototonic  condition. 

Irritability  also  depends  upon  the  above  essential  conditions : 
in  fact,  induced  movements  are  more  rapidly  arrested  by  un- 
fovourable    conditions   than  are   spontaneous   movements.      For. 
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instance,  when  a  Sensitive  Plant  is  kept  in  continuoas  darkness, 
the  leaves  first  lose  their  power  of  responding  to  stimuli,  and 
later  their  spontaneous  movements  cease. 

Irritability  may  also  be  abolished  by  special  means.  For  in- 
stance, exposure  to  the  vapour  of  chloroform  or  ether  destroys  the 
irritability  of  the  leaves  of  the  Sensitive  Plant.  Again,  it  may  be 
abolished  by  repeated  stimnlation,  the  interval  between  the  stimu- 
lations being  very  short.  This  has  been  observed  in  the  case  of 
the  leaves  of  the  Sensitive  Plant  and  of  Dionaea. 

§  17.  Mechanism  of  the  Movements.  The  ultimate  factor 
in  the  mechanism  of  the  vital  movements  of  plants,  whether  spon- 
taneous or  induced,  is  the  motility  of  the  protoplasm  (see  p.  670). 

Though  the  intimate  mechanism  of  the  motility  of  protoplasm 
is  not  fully  understood,  yet  a  consideration  of  the  mechanism  of 
the  movements  described  above  will  be  instructive.  With  regard 
to  the  streaming  movement  of  the  pi-otoplasm,  it  is  probably  due 
to  wave-like  contractions  and  expansions  of  the  protoplasm.  The 
mechanism  of  the  movements  of  the  contractile  vacuoles  appears 
to  be  this  :  the  systole  of  the  vacuole  is  due  to  the  sudden  active 
contraction  of  the  protoplasm,  the  contained  liquid  being  expelled; 
the  diastole,  to  the  active  but  gradual  expansion  of  the  protoplasm, 
the  cavity  of  the  vacuole,  as  it  enlarges,  being  filled  with  liquid. 
The  protrusion  and  retraction  of  pseudopodia  in  amoeboid  move- 
ment may  be  accounted  for  in  the  same  way ;  the  protrusion  is 
probably  analogous  to  the  diastole  of  the  contractile  vacuole,  the 
retraction  to  the  systole.  A  similar  explanation  may  be  offered 
of  ciliary  movement. 

The  movements  of  cellular  members  take  place  in  a  definite 
region,  which  may  be  distinguished  ae  the  motile  region ;  this  is, 
in  growing  members,  the  region  of  elongation  (see  p.  738)  ;  and,  in 
mature  members,  is  a  more  or  less  well-marked  region  of  motile 
tissue  which  may  constitute  a  distinct  motile  organ  (e,g.  pulvinus 
of  a  motile  leaf).  The  movements  depend  essentially  upon  varia- 
tions in  bulk  of  the  cells,  and  these,  in  turn,  upon  variations  in 
turgidity  (see  p.  668).  It  is  clear  that  if  the  turgidity,  that  is 
the  hydrostatic  pressure  of  the  cell-contents,  increases,  the  cell 
will  expand  provided  that  the  wall  be  extensible ;  and  conversely, 
that  if  the  turgidity  diminishes,  the  cell  will  shrink,  provided  the 
wall  be  elastic.  Movement  can  only  take  place  when  the  eel  - 
walls  possess  these  physical  properties :  hence,  the  pulvinus  of 
mature  motile  leaves  consists  mainly  of  pai*enchymatous  cells  with 
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nnlignified  walls,  the  lignified  tissue  being  reduced  as  much  as 
possible :  similarly,  in  the  elongating  region  of  growing-members 
the  cell-walls  are  thin  and  nnlignified.  But  whilst  the  movements 
of  variation  (p.  737)  are  the  result  of  a  sudden  loss  of  turgidity, 
which  is  either  spontaneous  or  the  effect  of  stimulation,  the  move- 
menit  of  growth  depends  upon  the  maintenance  of  turgidity,  and 
the  variations  in  the  rate  of  growth  (see  p.  738)  are  the  expression 
of  variations  in  the  degree  of  turgidity. 

Brief  allusion  may  here  be  made  to  the  oontroversy  as  to  the  meohamea  of 
growth  of  the  cell-wall.  The  two  conflicting  theories  are  (1)  the  theory  of 
intuutugception,  according  to  which  the  growth  of  the  cell-wall  is  due  to  the 
intercalation  of  new  particles  (micellae)  of  solid  sabstanoe  between  the  already 
ezistiDg particles  of  the  wall;  and  (2)  the  theory  of  appoiitiotit  according  to 
which  the  growth  of  the  cell-wall  is  due  to  the  repeated  deposition  of  layers  of 
sabstance  on  the  internal  sarface  of  the  original  wall.  Neither  of  these  theories 
gives  a  completely  satisfactory  explanation  of  all  the  phenomena  of  growth  of 
the  cell-wall,  nor  are  they  mntually  exclusive.  It  seems  that  the  growth  in 
surface  of  the  cell- wall  can  be  most  satisfactorily  explained  on  the  intussus- 
ception-theory, and  the  growth  in  thickness  on  the  apposition-theory.  Both 
theories,  as  generally  stated,  seem  to  involve  the  assumption  that  the  growth  in 
surface  of  the  cell-wall  is  dependent  upon  the  turgidity  of  the  cell :  but  this 
assumption  is  not  necessary  to  the  intussusoeption-theory,  and  it  is  probably 
even  inadmissible. 

The  following  instances  will  serve  to  illnstrate  the  foregoing^ 
considerations. 

A  simple  case  is  offered  by  tbe  induced  movement  of  the  stamens 
of  the  CynaresB  (p.  692).  When  at  rest,  the  cells  of  the  filaments 
are  expanded  in  the  direction  of  their  length,  and  are  turgid ;  on. 
stimulation,  the  cells  suddenly  shorten  and  become  flaccid,  having 
lost  a  portion  of  their  cell-sap.  The  expanded  state  is  regained  by 
the  gradual  expansion  of  the  cells,  turgidity  being  restored  by  the 
absorption  of  water. 

In  the  foregoing  case,  all  the  cells  of  the  motile  portion  are 
affected ;  but  in  many  cases  some  only  of  the  cells  are  affected. 
Thus,  in  the  case  of  the  leaf  of  the  Sensitive  Plant,  the  primary 
petiole,  when  at  rest,  stands  out  nearly  at  right  angles  to  the  stem 
(Fig.  472,  p.  690)  :  on  stimulation,  it  sinks  downwards  so  as  to 
form  an  acute  angle  with  the  intemode  below  its  insertion.  The 
mechanism  is  this  :  when  at  rest,  the  cells  of  the  pulvinus  are  all 
turgid,  and  they  support  the  petiole  in  its  normal  position:  on 
stimulation,  the  cells  of  the  lower  portion  of  the  pulvinus  lose 
their  turgidity,  water  escaping  from  them  into  the  intercellular 
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Spaces ;  these  cells,  being  flaccid,  are  unable  to  counteract  the 
downward  pressure  of  the  still  turgid  cells  of  the  upper  half  of  the 
pulvinus,  and  to  support  the  weight  of  the  leaf ;  consequently  the 
primary  petiole  sinks  downwards.  The  same  mechanism  obtains 
in  the  movements  of  the  leaflets  and  of  the  secondary  petioles ;  the 
only  difference  being  that,  in  the  pulvinus  of  a  leaflet,  it  is  the 
cells  of  the  upper  half  of  the  pulvinus  which  lose  their  turgidity 
on  stimulation,  so  the  leaflet  is  raised  upwards ;  and,  in  the  pul- 
vinus of  the  secondary  petiole,  it  is  the  cells  of  the  inner  half 
which  lose  their  tnrgidity,  so  the  secondary  petioles  approach  the 
middle  line.  This  acrount  is  also  applicable  to  all  side-to-side 
movements,  such  as  that  of  the  leaf  of  Dionssa,  and  that  of  the 
stamens  of  Berberis  and  Mahonia. 

The  heliotropic  or  other  curvatures  taking  place  in  the  elonga- 
ting region  of  growing  cellular  members,  are  due  to  the  shortening 
of  the  cells  on  the  side  becoming  concave,  and  to  the  elongation  of 
the  cells  on  the  side  becoming  convex.  The  mechanism  of  the 
curvature  seems  to  depend  in  this  case  not  so  much  upon  a  differ- 
ence of  turgidity  between  the  cells  of  the  two  sides  as  upon  a 
difference  in  its  effect :  whereas  turgidity  induces  the  usual  longi- 
tudinal elongation  of  the  cells  of  the  convex  side,  it  induces  longi- 
tudinal shortening  in  the  cells  of  the  concave  side  in  consequence 
of  extension  in  the  other  dimensions. 

Turgidity  is  then  the  main  factor  in  the  mechanism  of  the  move- 
ments of  cellular  members  ;  its  mechanical  importance  is  further 
strikingly  illustrated  by  the  great  rigidity  of  turgid  members,  and 
by  the  great  force,  equivalent  in  some  cases  to  twenty  times  the 
atmospheric  pressure,  which  they  develope  in  opposition  to  ex- 
ternal resistance,  as  when  the  roots  of  trees  cause  the  splitting  of 
walls  or  of  pavements.  Although  one  essential  factor  in  turgidity 
(see  p.  668)  is  the  purely  physical  osmotic  activity  of  substances 
in  the  cell-sap,  it  must  not  be  forgotten  that  it  also  depends  upon 
the  resistance  offered  by  the  protoplasm  to  filtration  under  pres- 
sure :  so  that  the  maintenance  of  turgidity  is  after  all  a  vital  act. 
The  maintenance  of  turgidity  appears,  in  fact,  to  depend  upon  a 
certain  state  of  molecular  aggregation  of  the  protoplasm  lining 
the  cell-wall,  in  which  it  offers  resistance  to  the  escape  of  the 
cell- sap ;  whereas  in  the  flaccid  condition  the  state  of  molecular 
aggregation  of  the  protoplasm  is  such  that  it  readily  permits  the 
escape  of  the  cell-sap  under  the  elastic  pressure  of  the  cell-wall. 

Whilst  the  fundamental  mechanism  of  the  movement  of  mature 
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motile  members  and  that  of  growing  members  is  essentially  the 
same,  there  is  this  secondary  difference  between  the  two  cases. 
The  change  of  position  which  is  the  resalt  of  the  movement  of 
matare  members,  is  reversible  ;  they  can  return  to  their  former 
position  :  the  change  of  position,  carvatnre  for  instance,  of  growing 
members  is  reversible  only  so  long  as  it  has  not  been  rendered 
permanent  by  actaal  deposition  of  substance.  Thus  the  changes  of 
position  due  to  the  nutation  (p.  741)  of  growing  members  are  only 
temporary,  for  they  are  of  brief  duration  ;  but  changes  of  position 
due  to  some  directive  influence  acting  for  a  considerable  time 
become  permanent,  for  instance,  the  light-positions  (p.  748}  assomed 
by  growing  members. 

The  general  conclusion  to  be  drawn  from  the  consideration  of 
the  phenomena  of  movement  is  that  motile  protoplasm  may  be  in 
one  of  two  states  of  aggregation ;  either  in  the  state  of  relaxation^ 
or  in  the  state  of  contraction ;  and  that  it  is  capable  of  passing  from 
the  one  state  to  the  other:  in  fact  the  term  **  motility"  simply 
means  the  property  in  virtue  of  which  the  protoplasm  can  thus 
change  its  state  of  aggregation.  In  the  case  of  cellular  members, 
the  state  of  contraction  is  that  in  which  the  protoplasm  is  imper- 
meable to  the  cell-cap,  and  the  cell  is  turgid;  whereas  the  state 
of  relaxation  is  that  in  which  the  protoplasm  is  permeable  to  the 
cell-cap,  and  the  cell  is  consequently  flaccid.  The  state  of  con- 
traction  may  be  regarded  as  the  normal  condition :  the  state  of 
relaxation  is  a  more  or  less  sudden  deviation  from  this  condition, 
the  result  of  the  action  of  internal  or  external  causes  ;  of  internal 
causes,  as  in  the  case  of  the  spontaneous  movements  ;  of  external 
causes,  as  in  the  case  of  the  induced  movements. 

This  aoconnt  of  the  mechanism  of  the  movement  of  oellufar  members  applies 
eqnally  to  the  prodaotion  of  the  root-pressure  (see  p.  701)  and  to  the  opening 
and  closing  of  the  stomata  (see  p.  698). 

The  ultimate  point  to  be  considered  is  the  conception  to  be 
formed  as  to  the  nature  of  the  change  of  state  of  the  protoplasm. 
It  has  been  ascertained,  in  the  more  striking  cases  of  induced 
movements,  such  as  those  of  the  leaves  of  the  Sensitive  Plant,  that 
the  change  of  state  of  the  protoplasm  of  the  stimulated  cells  of  the 
pulvinus  is  accompanied  by  a  rise  of  temperature,  and  by  certain 
electrical  phenomena :  and  it  is  probable  that  all  movements  as- 
sociated with  sudden  change  in  the  state  of  aggregation  of  proto- 
plasm are  attended  by  a  dissipation  of  energy  in  the  form  of  heat 
and  electricity :  this  indicates  that  it  is  intimately  connected  with 
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some  catabolic  process.  It  appears  probable  that  the  sudden 
change  of  state  of  the  protoplasm  is  determined  by  the  explosive 
decomposition  of  some  complex  substance.  In  the  spontaneous 
or  automatic  movements,  the  decomposition  takes  place  spon- 
taneonsly ;  in  the  induced  movements,  the  decomposition  is  de- 
termined by  the  action  of  the  stimnlas.  During  the  gradual 
resumption  of  the  normal  condition,  a  process  of  anabolism  pro- 
bably goes  on  which  leads  to  the  formation  of  a  fresh  quantity 
of  the  decompostible  substance,  in  consequence  of  which  the  proto- 
plasm again  becomes  irritable  and  capable  of  undergoing  another 
sudden  change  of  state. 

The  effect  of  various  external  conditions,  such  as  exposure  to 
light,  long-con tinned  darkness,  deprivation  of  oxygen,  etc.,  in 
retarding  or  inhibiting  movement,  may  be  ascribed  generally  to 
an  interference  with  the  motilitv  of  the  protoplasm,  that  is,  to  an 
interference  with  some  condition  upon  which  change  in  its  state  of 
aggregation  depends.  For  instance,  the  retardation  of  the  rate  of 
growth  by  light,  is  the  result  of  a  diminished  degree  of  turgidity 
as  is  proved  by  the  diminution  of  the  tissue- tensions ;  and  this 
lower  level  of  turgidity  in  growing  cells  when  exposed  to  light  is 
probably  to  be  attributed  to  a  modification  of  the  molecular 
constitution  of  their  protoplasm.  The  arrest  of  movements  of 
variation  by  darkness  is  probably  to  be  ascribed  to  the  sup- 
pression of  the  chemical  processes  active  in  the  formation  of  sub- 
stances npon  the  presence  of  which  the  sudden  passage  of  the 
protoplasm  from  the  state  of  contraction  to  that  of  relaxation 
depends :  and  it  may  be  that  the  phototonic  effect  of  light  (see 
p.  760)  is  due  to  its  influence  in  promoting  these  chemical  pro- 


In  conclusion,  the  mechanical  work  done  in  connexion  with 
movement  remains  to  be  considered,  especially  in  relation  to 
cellular  members.  In  the  movement  of  such  a  member,  the  work 
is  done  by  those  cells  whose  protoplasm  is  iji  a  state  of  contrac- 
tion, not  by  those  whose  protoplasm  is  in  a  state  of  relaxation. 
This  is  a  point  of  special  physiological  interest ;  and,  on  analogy 
with  animals,  this  is  what  might  be  assumed  to  be  the  case.  For 
instance,  the  great  force  which  can  be  exerted  by  a  root  (see  p. 
763)  is  the  outcome  of  the  turgidity  of  its  cells,  that  is,  of  the 
contracted  condition  of  their  protoplasm.  Similarly,  in  the  induced 
movement  of  the  leaf  of  a  Sensitive  Plant,  the  work  is  done,  not 
by  the  flaccid,  but  by  the  still  turgid  cells  of  the  pulvinus ;  aiid 
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the  leaf  is  event aallj  raised  to  its  normal  position  by  the  gradual 
resumption  of  turgiditj,  that  is,  of  the  contracted  condition  of  the 
protoplasm,  by  those  cells  of  the  pulvinns  which  had  become 
flaccid  as  the  result  of  the  assamption  of  the  relaxed  state  on 
stimulation.  In  a  word,  the  contracted  state  is  that  in  which 
alone  motile  protoplasm  is  capable  of  doing  mechanical  work. 


CHAPTER   IV. 
SPECIAL  PHYSIOLOGY   OF   BEPBODUOTION. 

§  18.  Introductory.  It  has  been  already  stated  (see  pp.  3, 
67,  C70)  that  reproduction  consists  essentially  in  the  throwing;' 
ofiE  by  the  individual  of  a  portion  of  its  protoplasm  which  does 
not  merely  grow  but  developes  into  a  new  organism ;  and  that  two 
modes  of  reproduction,  vegetative  multiplication  and  spore-reprodnc^ 
Hon  may  be  conveniently  distinguished,  though  they  are  not 
absolutely  distinct. 

Keproduction  has  been  considered  so  far  mainly  from  the 
morphological  standpoint,  and  it  now  remains  to  discuss  it  from 
the  physiological  point  of  view.  The  most  important  general 
consideration  is  that  reproduction  is  a  function  of  embryonic,  as 
distinguished  from  adult,  protoplasm.  But  it  must  not  be  over* 
looked  that  all  embryonic  protoplasm  is  not  necessarily  reproduc- 
tive :  and  it  is  interesting  to  trace  the  differences  in  this  respect, 
presented  by  various  kinds  of  embryonic  protoplasm.  To  begin 
with,  there  is  no  doubt  that  the  merismatic  cells  of  the  cambium 
are  embiyonic  (see  p.  18)  ;  but  they  are  not  at  all  reproductive,  for 
they  cannot  give  rise  to  a  new  member,  still  less  to  a  new  organ- 
ism ;  they  can  only  add  to  the  bulk  of  the  body  of  which  they  form 
part,  by  the  development  of  new  tissue.  Again,  the  protoplasm 
of  a  growing-point  is  embryonic,  but  it  is  only  imperfectly  repro- 
ductive ;  it  possesses  this  property  to  the  extent  that  it  not  only 
contributes  to  the  increase  of  the  member  to  which  it  belongs, 
bat  also  developes  new  members.  Finally,  the  protoplasm  of  a 
reproductive  cell,  such  as  a  spore,  is  embryonic  and  is  completely- 
reproductive;  for  it  does  not  in  any  degree  contribute  to  the  bulk 
of  the  parent-organism,  but  gives  rise  to  a  new  individual. 

Whilst  the  embryonic  chai'acter  of  cytoplasm  is  probably- 
dependent  upon  the  presence  of  a  large  proportion  of  kinoplasm 
(see  p.  95),  there  is  at  present  no  means  of  distinguishing  by 
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inspection    between    merely  histogenic    and    truly  reproductive 
cjrtoplasm. 

§  19.  Vegetative  Multiplication.  This  mode  of  reproduc- 
tion is  distinguished  as  vegetcUive^  because  it  is  carried  on  bj  the 
Tegetative  organs  of  the  plant,  and,  in  the  simpler  cases,  it  is  not 
distinguishable  from  the  ordinary  processes  of  growth;  though, 
in  its  higher  forms  it  approximates  to  reproduction  by  spores. 
The  simpler  cases  refered  to  are  those  of  unicellular  organisms : 
these,  when  they  have  reached  by  growth  their  characteristic 
limit  of  size,  undergo  cell-division,  with  the  result  that  each  new 
cell  constitutes  a  new  individual :  here,  multiplication  is  efEected 
by  a  purely  vegetative  process,  which,  in  a  multicellular  plant, 
would  merely  result  in  an  increase  in  the  number  of  the  cells  of 
which  the  individual  consists.  Much  the  same  thing  occurs  in 
higher  plants  when  (as  in  many  Bryophyta,  and  in  rhizomatous 
Pteridophyta  and  Phanerogamia)  the  main  shoots  die  away,  and 
the  isolated  lateral  branches  constitute  new  independent  in* 
dividuals.  Something  of  a  similar  kind  also  takes  place  in  the  arti* 
ficial  multiplication  of  plants  by  means  of  cuttings :  in  many  plants, 
bat  by  no  means  all,  if  a  shoot  be  cut  off  and  be  kept  under 
favourable  circumstances  with  its  cut  end  in  suitable  soil,  the 
cutting  will  complete  its  segmentation  by  the  development  of 
roots,  and  will  then  be  a  new  individual.  Not  uncommonly, 
certain  parts  of  the  body  may  become  more  or  less  specially 
modified  to  effect  vegetative  propagation:  for  instance  bads 
become  developed  into  bulbs  or  into  bulbils  (see  p.  68),  or  portions 
of  the  stem  or  the  root  become  tuberous.  But  the  specialisation 
which  may  be  regarded  as  the  highest  of  all,  because  it  approaches 
most  nearly  to  spore- reprodaction,  and  involves  the  entire  develop- 
ment of  all  the  the  new  members,  is  that  of  gemmed  in  which  the 
vegetative  reproductive  body  is  not  merely  a  modified  member  of 
the  parent,  but  is  a  special  development  consisting  in  some  cases 
of  only  a  single  cell  (e.g.  gemma  of  some  AlgsB  and  Liverworts, 
p.  67;  oidium-cells  of  Fungi,  p.  274).  Something  of  the  same 
kind  occurs  amongst  the  higher  plants,  such  as  some  Ferns, 
Bryophyllum,  etc.,  where  an  entirely  new  structure,  a  bud,  is 
developed  on  the  leaf,  and  produces  stem,  leaves  and  roots ;  it  is 
in  this  way  that  Begonias  are  artificially  propagated. 

An  interesting  ai'tificial  mode  of  vegetative  propagation  is  that  known  as  grafU 
ing  or  budding^  in  which  a  young  shoot  or  a  bud,  termed  the  scion,  of  one  plant 
is  inserted  into  the  stem  of  another,  thooah  allied  plant,  the  itoek.    Generally 
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Speaking,  ibongh  the  aoion  and  the  stock  grow  together  so  as  to  form  one  plant, 
they  do  not  affect  each  other,  the  scion  retaining  its  own  peculiar  ohaiactera 
{e.g.  grafting  of  fruit-trees,  badding  of  roses).  Bat  it  is  affirmed  that  in  some 
cases  the  scion  and  stock  do  mntnally  effect  each  other,  giving  rise  to  shoots 
which  present  a  mixture  of  their  respective  characters :  such  are  termed  graft- 
hybrida. 

An  important  fact  connected  ^itH  vegetative  reproduction  is 
that  it  is  associated  with  a  rejavenescenceof  the  protoplasm.  For 
example,  when  an  adult  cell  of  a  nnicellalar  plant,  sach  as  Plenro- 
coccas  (Fig.  166,  p.  236)  dindes,  it  gives  rise,  not  to  adnlt  cells, 
bat  to  young  ones :  and  a  cutting  produces  a  young  plant,  not  an 
old  one. 

The  relation  of  vegetative  reproduction  to  the  alternation  of 
generations  is  of  importance.  In  the  lower  plants  (e.g.  Thallo- 
phyta  and  Bryophyta)  where  the  gametophyte  is  the  conspicuous 
generation,  it  is  this  generation  which  multiplies  itself  vegeta- 
tively,  although  vegetative  reproduction  of  a  somewhat  different 
kind  has  been  artificially  induced  in  the  sporophy  te  of  some  Mosses 
(p.  362)  ;  but  in  the  Phanerogaraia  it  is  exclusively  the  sporophyte 
which  thus  multiplies  itself.  In  the  Pteridophyta,  whilst  vegeta- 
tive multiplication  of  the  sporophyte  is  common,  the  gametophyte 
still  retains  this  capacity  in  certain  cases  (some  Ferns,  p.  403 ; 
Lycopodinm,  p.  425).  Vegetative  multiplication  does  not,  as  a 
rule,  affect  the  alternation  of  generations,  each  generation  pro- 
ducing its  like  :  the  exceptions  are  afforded  by  cases  of  apogamj 
and  apospory  (see  p.  87),  in  which  the  one  generation  is  developed 
vegetatively  fi*om  the  other;  that  is,  vegetative  propagation 
replaces  spore-formation. 

§  20.  Spore-Reproduction  (see  p.  68).  The  highest  degree 
of  reproductive  capacity  is  that  possessed  by  spores.  Thoagh 
they  are  single  cells,  they  are  nevertheless  capable,  each  by  it- 
self, of  giving  rise  to  a  plant-body  which,  as  in  the  higher  plants, 
maj  present  complete  morphological  and  histological  differentia- 
tion. 

The  transition  from  vegetative  propagation,  through  the  unicel- 
lular gemmee,  to  the  simpler  forms  of  spore-reproduction  is  so 
gradual  that  it  is  difficult  in  many  cases  to  distinguish  them. 
But  there  is  one  fact  which  may  often  serve  as  a  criterion,  and 
that  is  that,  at  least  in  the  lower  plants,  the  spores  are  much  more 
resistent  to  unfavourable  external  conditions,  such  as  drought  and 
extremes  of  temperature,  than  are  gemmee.     This  is  due  partly 
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no  doabt  to  the  firmer  cell- wall  of  spores,  bat  mainly  to  a  differ- 
ence in  the  condition  of  the  protoplasm  in  the  two  cases :  for 
gemmsB  are  especially  adapted  for  rapid  propagation  under 
favourable  conditions.  In  fact  the  main  object  attained  by  spore- 
reproduction  is  the  maintenance  of  the  species  through  a  period 
of  conditions  which  would  be  fatal  to  the  life  of  the  individual 
plant. 

In  Phanerogams,  in  which  the  oonditions  of  Bpore-formation  are  peculiar 
(see  p.  431),  the  fanction  of  maintaining  the  species  tbroogh  a  period  of  au- 
favourable  conditions  is  transferred  to  the  seeds  which,  like  the  spores  of  lower 
plants,  have  a  great  capacity  for  endurance. 

Most  plants,  and  probably  all,  produce  spores ;  and  from  the 
physiological  point  of  view  there  are  two  modes  of  origin  of  spores 
(p.  69)  :  they  are  developed  either  dsexwdlij  or  sextuUfy.  In  the 
lowest  plants  {e,g.  Gyanophyceee,  Schizomycetes,  etc.),  as  also  in 
others  which  have  become  sexually  degenei*ate  (Fungi,  such  as 
the  .^cidiomycetes  and  Basidiomycetes),  spores  are  only  produced 
asezually :  whereas  in  sexual  plants  thei*e  is  a  sexual  formation  of 
spores,  either  exclusively  (some  AlgsB,  such  as  the  Conjngatee,  the 
FucacesB,  and  the  Charoidesd),  or,  as  is  more  commonly  the  case, 
together  with  asexual  spore-formation.  In  the  higher  sexual 
plants  (Bryophyta,  Pteridophyta,  Phanerogamia)  asexual  spore- 
formation  is  entirely  restricted  to  the  sporophyte ;  whilst  in  the 
lower  plants  in  which  an  alternation  of  generation  can  be  traced 
(e.g.  most  Algae  and  Fungi)  the  gametophyte  retains  the  capacity 
of  multiplying  itself  by  the  asexual  formation  of  spores  which  ai'e 
distinguished  as  gonidia  (see  p.  220).  The  essential  difference 
between  gonidia  and  asexually-produced  spores  is  emphasised  by 
the  fact  that  whereas  the  former  serve  merely  to  reproduce  the 
organism  producing  them,  that  is  the  gametophyte,  or  some  form 
of  it  when  it  is  polymorphic,  so  that  the  alternation  of  generations 
is  unaffected,  the  latter  only  give  rise  to  the  antithetic  form  in  the 
alternation  of  generations,  that  is,  to  the  gametophyte. 

The  retention  by  the  gametophyte  of  the  lower  plants  of  the 
capacity  for  reproduction  by  gonidia  is  of  special  interest  in  that 
it  throws  light  upon  the  course  of  evolution  of  sexual  from 
primitive  asexual  forms.  Thus,  the  lowest  Algas  are  asexual, 
reproducing  themselves  solely  by  asexually  produced  spores  often 
of  the  nature  of  zoospores.  But  in  the  course  of  evolution  (see 
p.  226)  some  of  these  zoospores  developed  into  sexual  repi*oductive 
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cells  (gametes),  whilst  others  remained  simply  zoospores ;  so  that 
the  plant  becomes  a  gametophjte  still  possessing  the  capacity  of 
reprodncing  itself  asexually  by  zoogonidia,  though  in  some  forms 
(ConjngatsB,  FucacecB,  Charoidese)  this  capacity  has  entirely 
disappeared. 

The  evolution  of  the  entirely  asexual  sporophyte  is  to  be  traced 
to  the  advantage  gained  by  the  development  of  more  than  a 
single  organism  from  the  sexually-produced  spore,  that  is,  hj  poly- 
emhryony.  Thus  in  Vaucheria  and  Chara  the  oospore  gives  rise 
directly  to  a  single  sexual  individual,  and  the  oospore  is  all  that 
represents  the  sporophyte  in  the  life-history  of  these  Algae ;  and 
this  applies  also  to  Fucus,  but  here  a  multiplication  of  individuals 
is  attained  by  the  development  of  eight  oospheres  in  the  oogonium. 
A  rudimentary  form  of  polyembryony  is  presented  by  the  Desmids 
where  the  zygospore  gives  rise  to  two  individuals.  It  is  more 
marked  in  such  plants  as  Spheeroplea  and  CEdogonium,  where  the 
oospore  gives  rise  to  several  (2-8)  zoospores  from  each  of  which 
a  new  sexual  individual  is  developed :  here  the  oospore  and  its 
zoospores  represent  the  sporophyte.  The  sporophyte  first  makes 
its  appearance  as  a  distinct  cellular  organism  in  Coleocheete 
(p.  250),  and  from  this  point  onwards  its  further  evolution  can 
be  readily  traced  through  the  sporogonium  of  the  Bryophyt&to 
the  Pteridophyta  and  Phanerogamia  where  it  is  the  predominant 
form  in  the  life-history.  The  sporophyte  is  thus  essentially  gamo- 
genicj  that  is,  it  is  developed  as  the  result  of  a  sexual  process 
(p.  69). 

Whilst  in  the  majority  of  caseB  the  sporophyte  is  developed  from  a  sezaaUy- 
produoed  spore,  it  is  sometimes  developed  from  the  fertilised  female  organ ; 
this  is  the  case  in  plants  in  which  there  are  either  no  differentiated  gametes 
{e.g,  Eremascus,  p.  297),  or  do  differentiated  female  gamete  {e.g,  Bhodophycee, 
p.  269) ;  but  it  is  still  the  product  of  a  sexual  process.  In  some  cases  of 
sexual  degeneration  {e.g.  apogamous  Ferns,  p.  378 ;  Asoomycetes,  p.  298)  the 
sporophyte  is  developed  vegetatively  (p.  87). 

The  sexual  formation  of  spores  is  the  result  of  the  fusion  of 
two  sexual  reproductive  cells  or  gametes,  neither  of  which  is,  as  a 
rule,  capable  by  itself  of  developing  into  a  new  individual ; 
though,  in  some  of  the  lower  plants  in  which  sexual  differentia- 
tion is  incomplete  (e.g,  Ulothrix,  Ectocarpus;  see  p.  226)  the 
gametes  may  germinate  independently.  The  act  of  fusion  is  a 
sexual  process,  and  the  result  is  a  cell  (oospore  or  zygospore,  p. 
80)  which  proves  itself  to  be  a  spore  by  developing  into  a  new 
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indiyidnal  which,  in  all  plants  presenting  alternation  of  genera- 
tions, is  the  sporophyte. 

In  gome  eases  the  spore  is  formed  from  a  gamete  withoat  any  sexual 
process,  that  is,  parthenogenetieaWf  (p.  87) ;  this  applies  to  the  imperfectly 
Bexaal  gametes  of  Ulothriz  and  Ectooarpas  mentioned  above,  whence  it  follows 
that  there  can  be  both  male  and  female  parthenogenesis ;  to  the  azygospores 
of  some  Zygomycetes  (pp.  288,  290) ;  to  the  oospores  developed  in  the  oogonia 
of  the  Saprolegniaoett  (p.  294),  and  to  that  of  Chara  crinita  (p.  254). 

It  has  been  ascertained,  in  plants  other  than  the  Thallophyta, 
that  the  nnclens  of  the  sexnally-produced  spore  contains  twice  as 
many  chromosomes  (p.  119)  as  does  that  of  either  of  the  gametes  ; 
for  instance,  if  the  nnmber  of  chromosomes  in  the  nnclens  of  the 
gamete  be  twelve,  that  in  the  nnclens  of  the  oospore  will  be 
twenty-fonr;  and  since  the  sporophyte  is  developed  from  the 
oospore,  the  nnmber  of  chromosomes  in  the  nnclens  of  each  of  its 
cells  is  also  twenty-fonr,  and  is  twice  as  great  as  that  in  the 
nnclens  of  the  cells  of  the  gametophyte.  Bat,  since  the  gameto- 
phyte  is  agamogenic,  being  developed  from  the  asexually- prod  need 
spores  of  the  sporophyte,  the  question  arises  as  to  how  this 
reduced  number  of  chromosomes  is  arrived  at.  It  is  simply  due 
to  the  fact  that  when  the  nucleus  of  a  spore-mother-cell  is  about 
to  divide,  the  fibrillar  network  breaks  up  into  only  half  the 
nnmber  of  chromosomes  characteristic  of  the  sporophyte  (for 
instance,  twelve  instead  of  twenty-four)  ;  hence  the  spore,  when 
formed,  contains  the  reduced  number  of  chromosomes  character- 
istic of  the  gametophyte  and  is,  in  fact,  the  first  term  of  that 
generation. 

These  points  have  Dot  yet  been  fully  investigated  in  the  Thallophyta,  in 
which  group  various  special  questions  arise.  For  instance,  as  already  pointed 
out,  in  many  of  these  plants  the  gametophyte  is  directly  developed  from  the 
sexually-prodnced  spore,  and  yet  there  can  be  little  doubt  that  the  nuclei  of 
the  gametophyte  each  contain  only  half  the  number  of  chromosomes  present 
in  the  nucleus  of  this  spore;  for,  were  it  otherwise,  each  sexual  act  would 
involve  the  doubling  of  the  number  of  the  chromosomes  in  the  nuclei  of  the 
succeeding  generation,  and  by  continued  repetition  of  the  process  the  number 
would  become  indefinitely  large.  It  seems  probable  that  a  reduction  in  the 
nnmber  of  the  chromosomes  takes  place  early  in  the  germination  of  the 
sexnally-produoed  spore.  Thus  it  has  been  observed  in  certain  Desmids  that 
the  nucleus  of  the  germinating  zygospore  divides  into  four,  but  the  product  is 
only  two  new  individuals  each  with  a  single  nucleus ;  and  similarly,  that  the 
nucleus  of  the  zygospore  of  Spirogyra  divides  into  four,  yet  the  unicellular 
embryo  contains  but  a  single  nucleus.  Then  there  is  the  further  question  as 
to  the  nnmber  of  chromosomes  in  the  nuclei  of  the  gonidia  and  in  those  of 
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parthenogenetieally  prodaoed  Bpores;   and  the  phenomena  of  apogamy  aod 
apospory  in  the  higher  plants  also  require  inyestigation  from  this  point  of 


§  21.  Sexual  Reproduction. — The  sexnal  process  consists 
typically,  though  not  exclusively  (see  pp.  225,  275)  in  the  fusion  of 
two  gametes,  that  is,  of  two  sexual  reproductive  cells,  and  it  is  to 
this  typical  case  only  that  reference  is  here  made. 

The  process  consists  essentially  in  the  fusion  of  the  homologons 
parts  of  the  gametes.  In  the  Phanerogams,  in  which  the  process 
has  been  most  minutely  investigated,  it  is  briefly  as  follows : — 
The  male  gamete,  being  smaller  and  more  active  than  the  female, 
enters  the  latter  (see  Pigs.  298,  302) ;  then  the  centrospheres  of 
the  two  gametes  fuse,  and  then  their  nuclei,  male  nucleus  (or 
pi*oDucleus)  with  female  nucleus  (or  pronucleus),  to  form  the 
nucleus  of  the  oospore,  and  with  that  the  process  is  complete. 
But  the  fusion  of  the  nuclei  is  not  accompanied  by  any  fusion  of 
their  respective  chromosomes  ;  these  remain  distinct,  so  that  there 
are  twice  as  many  of  them  as  in  the  nucleus  of  either  gamete : 
but  when  the  oospore  befrins  to  germinate,  the  first  division  of  its 
nucleus  takes  place  in  such  wise  that  each  half  receives  an  equal 
number  of  chromosomes  derived  from  each  of  the  sexual  nuclei. 
No  doubt  the  process  is  essentially  the  same  in  all  other  cases. 

The  first  question  which  naturally  arises  is  as  to  the  nature  of 
sexuaWy  ;  the  question,  namely,  as  to  what  difference,  if  any,  can 
be  observed  between  a  gamete  and  an  asexually-produced  spore. 
To  this  question  no  answer  can  at  present  be  given  ;  no  difference 
can  be  detected  between  a  gamete  and  a  spore ;  in  all  plants  in 
which  the  matter  has  been  investigated,  in  a  Fern,  for  instance, 
it  is  now  known  that  the  number  of  chromosomes  in  the  nucleus  is 
the  same  in  the  gamete  as  in  the  spore. 

It  was  thought  that  there  was  an  essential  observable  difference  between 
a  gamete  and  a  spore,  of  this  nature,  that  the  nncleus  of  the  gamete  contained 
fewer  chromosomes  than  did  that  of  the  spore.  It  had  been  observed  in  many 
cases  that,  as  part  of  the  development  of  a  gamete,  a  portion  of  the  proto- 
plasm of  the  mother-cell  was  thrown  off  as  a  polar  bo<1y  (see  p.  82),  and  it  was 
conduded  that  this  involved  the  reduction  by  half  in  the  number  of  chromo- 
somes in  the  nucleus  of  the  gamete,  and  thus  caused  it  to  differ  materially 
from  a  spore.  But  this  view  is  no  longer  tenable  in  face  of  the  fact  that  the 
reduced  number  of  chromosomes  in  the  nucleus  is  characteristic,  not  on'y  of 
the  gametes,  but  also  of  the  whole  gametopbyte,  and  in  fact  of  the  spore  itself 
also  (see  p.  771).  The  polar  bodies  can  now  only  be  regarded  as  sister-cells  ol 
the  gametes  and  as  equivalent  to  them,  though  not  functional. 
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It  must  not,  however,  be  concladed  that  becaase  there  is  no 
observable  difEerence  between  a  gamete  and  an  aseznallj-prodaced 
spore,  there  is  no  difference  whatever  between  them ;  on  the 
contrary  it  is  clear  that  they  differ  widely,  since  the  former  ' 
cannot  (except  in  the  rare  cases  of  parthenogenesis),  whilst  the 
latter  can,  develope  into  a  new  organism. 

The  second  question  is  as  to  the  nature  of  sex:  what  is  the 
difference,  if  any,  between  a  male  and  a  female  gamete  ?  In 
some  oases  there  is  a  marked  external  difference  ;  for  instance,  in 
the  Pceridophyta,  Bryophyta,  and  many  Algsa,  the  female  gamete 
is  a  large  motionless  oosphere,  whilst  the  male  gamete  is  a  small 
actively-swimming  spermatozoid.  But  this  marked  difference  is 
not  essential,  it  is  merely  adaptive  ;  it  is  an  adaptation  to  a  more 
or  less  aqnatic  mode  of  life  or,  at  least,  of  fertilisation.  Moreover, 
it  is  obviously  inapplicable  in  explanation  of  the  many  cases  in 
which  the  two  conjugating  gametes  are  externally  quite  similar 
(isogamous  plants,  see  p.  80).  Nor  has  minute  microscopic  in- 
vestigation brought  to  light  any  distinguishing  criterion.  But  it 
must  not  be  concluded  on  this  account  that  there  is  no  difference 
between  a  male  and  a  female  gamete ;  it  is  obvious  that  there  is 
an  essential  physiological  difference  between  them.  For,  were  it 
otherwise,  it  would  be  impossible  to  account  for  such  a  fact,  for 
instance,  as  that  even  where,  as  in  many  AlgaB,  the  gametes  are 
all  extruded  into  the  water,  fusion  never  takes  place  between  two 
male  or  two  female  gametes,  but  only  between  a  male  and  a 
female. 

Brief  allusion  may  be  made  to  the  means  by  which  the  sexual 
process  is  ensured.  It  might  be  thought  that  the  most  effectual 
means  wonld  be  the  development  of  the  male  and  female  organs 
in  close  propinquity  on  the  same  individual.  No  doubt  this  is 
the  case,  but  the  result  is  to  ensure  the  less  advantageous  mode 
of  the  process,  the  mode  of  self-fertilisation ;  in  fact,  in  many 
cases  in  which  the  male  and  female  organs  are  thus  developed  close 
together  as  in  moncecions  plants  (p.  86),  self -fertilisation  is  pre- 
vented by  dichogamy  (for  instance,  the  prothallia  of  Ferns,  p. 
399).  The  real  problem  is,  then,  to  ensure  a  sexual  pix>cess 
between  two  gametes  derived  from  distinct  individuals.  The  end 
is  attained  either  directly,  by  bringing  the  diverse  gametes 
together;  or  indirectly,  by  bringing  the  spores  together,  and 
consequently  also  the  gametophytes. 

The  method  of  bringing  the  two  gametes  together  is  essenti- 
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ally  cozmected  with  the  aquatic  mode  of  fertilisation.  It  has 
been  observed  and  investigated  in  plants  in  which,  whilst  the 
oosphere  is  motionless  and  remains  in  the  female  organ,  the 
spermatozoids  are  free-swimming;  and  it  is  among  the  most 
striking  phenomena  of  chemiotaxis  (see  p.  755).  In  varioiis 
Mosses  and  Ferns  it  has  been  ascertained  that,  on  the  opening  of 
the  archegonium,  the  mucilage  which  is  extraded  includes  some 
substance  which  diffuses  into  the  water  and  attracts  to  the 
archegonium  any  spermatozoid  that  may  be  present ;  in  Mosses 
the  substance  in  question  is  cane-sugar ;  in  the  Ferns,  a  salt  of 
malic  acid. 

The  method  of  bringing  the  spores  together,  so  that  they  may 
germinate  near  each  other,  is  especially  characteristic  of  hetero« 
sporous  plants,  and  more  particularly  of  those  which  grow  erect  on 
dry  land.  It  is  thus  most  strikingly  exhibited  by  the  Phanero- 
gams, where  the  microspores  are  carried  by  the  wind  or  by  insects 
into  such  a  position  that  they  germinate  in  proximity  to  the 
macrospores  (see  p.  452).  But  it  ia  not  confined  to  land-plants, 
for  it  occurs,  as  the  result  of  a  remarkable  adaptation,  in  AzoUa 
(see  p.  411).  Nor  is  it  exclusively  restricted  to  heterosporons 
plants,  for  cross-fertilisation  in  the  Ferns  and  Mosses  is  largely- 
dependent  upon  the  propinquity  of  a  number  of  gametophytes 
developed  from  spores  shed  without  being  scattered. 

Sexual  Affinity.  This  term  is  used  to  express  the  fact  that  a 
certain  relationship  must  exist  between  any  two  gametes  of  oppo- 
site sex  in  order  that  a  sexual  pi*ocess  may  take  place  between 
them ;  when  the  limit  is  overstepped  in  the  direction  of  either  a 
too  close  or  a  too  remote  relationship,  the  process  will  either  not 
take  place  at  all,  or  the  offspring  will  be  few  and  feeble. 

The  most  fertile  sexual  process  is  that  taking  place  between  the 
gametes  of  different  individuals  of  the  same  species.  It  has  been 
proved  that  the  offspring  of  such  cross^fertiltsation  have  the 
advantage  in  vigour  and  fertility  over  the  progeny  of  one  of  the 
same  plants  when  self-fertilised.  It  has,  in  fact,  been  proved 
that  in  many  Phanerogams  the  pollen  of  a  flower  is  incapable 
of  fertilising  the  oospheres  of  its  own  ovules ;  and  that  the  pollen 
from  another  flower  of  the  same  plant  is  only  slightly,  if  at  all, 
more  potent.' 

A  sexual  process  may  also  take  place  between  the  gametes  of 
varieties  of  the  same  species ;  of  distinct  species  of  the  same 
genus ;  and  even  of  species  belonging  to  different  genera.     Suoh 
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a  process  is  known  as  hybridisation,  and  the  progeny  as  hybrids, 
the  hybrid  being  distinguished  as  a  variety-hybrid,  species-hybrid, 
or  genas-hybrid,  according  to  circumstances  (see  p.  457). 

HybridiRation  has  been  but  imperfectly  investigated  in  the  Tballophyta,  bat 
it  is  known  to  take  place  between  Fucus  serratm  ^  and  F.  vesiculosm  $  :  in 
the  Mosses  some  species- hybrids  are  known,  and  a  few  genus-hybrids  (between 
the  allied  genera  Physcomitrium  and  Fnnaria;  F.  hygrometrica  ^  x  P. 
pyri forme  ? ) :  in  the  Ferns  variety-hybrids  are  common,  and  several  species- 
hybrids  are  known :  in  Phanerogams  variety-hybrids  and  species-hybrids  are 
common,  and  several  genus-hybrids  are  known  {e.g.  between  Verbascum  and 
Celsia ;  Brassioa  and  Baphanus ;  Galium  and  Aspernla ;  Campanula  and 
Phyteuma;  Gymnadenia  and  Nigritella ;  Epiphyllum,  Gereus.andPhyllocaotns). 
Species-hybrids  are  usually  designated  by  a  combination  of  the  specific  names 
of  their  parents ;  as,  for  instance.  Digitalis  purpureo-lutea,  the  hybrid  resulting 
from  the  fertilisation  of  D.  lutea  with  pollen  of  D.  purpurea.  When  it  is  desired 
to  state  accurately  which  is  the  male  and  which  the  female,  such  an  expression 
as  Verbeucum  Lyehnitia  $   x  phanieeum  ^  is  nsed. 

Hybridisation  is  by  no  means  eqnally  common  in  all  families ; 
thus,  among  Phanerogams,  whilst  it  is  common  in  such  orders  as 
the  CompositaB,  ScrophnlariaceaB,  PolygonacesB,  SalicacesB,  and  Or- 
chidacesB,  it  is  comparatively  rare  in  the  Craciferee  and  LabiatsB, 
and  quite  exceptional  in  the  UmbelliferaB  and  LegnminosaB.  And 
within  the  limits  of  any  one  natural  order  the  capacity  for  hybridi- 
sation is  not  the  same  in  all  genera ;  thus,  in  the  Geraniacese,  the 
genus  Pelargonium  possesses  it  in  a  high  degree,  whilst  Geranium 
and  Erodium  do  not;  in  the  Caryophyllacece,  Dianthns  readily 
hybridises,  but  Silene  does  not;  and  in  the  Iridacece  the  same 
contrast  exists  between  Glsuliolus  and  Crocus  ;  and  the  same 
applies  to  the  various  species  of  any  given  genus.  Nor  are  all 
hybridisations  equally  fertile  as  estimated,  in  Phanerogams,  by 
the  number  of  sound  seeds  produced,  and  by  the  vigour  and 
fertility  of  the  resulting  hybrid-plants ;  the  general  rule  being 
that  the  more  remote  the  two  species  hybridised,  the  more  delicate 
and  the  less  fertile  will  be  the  offspring,  and  in  fact  many  hybrids 
are  altogether  sterile ;  in  any  case  they  are  more  fertile  with 
pollen  from  one  of  the  parent-forms  than  with  that  of  other 
similar  hybrids.  It  is  only  when  the  relation  between  the  parents 
is  such  as  to  ensure  the  appropriate  degree  of  sexual  affinity  that 
the  product  of  the  union  is  a  vigorous  and  fertile  progeny. 

It  is  the  rule  that  hybridisation  is  reciprocal ;  that  is,  that  if  the 
oospheres  of  a  species  A  can  be  duly  fertilised  by  the  male 
gametes  of  a  species  B,  the  oospheres  of  the  species  B  are  equally 
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susceptible  of  ferfcilisation  hy  the  male  gametes  of  the  species  A. 
Bat  this  is  by  no  means  always  the  case.  Thas  MirahilU  Julapa 
can  be  fertilised  bj  the  pollen  of  if.  longiflora,  but  the  converse 
crossing  has  not  yet  been  effected ;  similarly  the  cross  Nymphasa 
coerulea  ^  x  N,  capensis  ^  has  taken  place,  bnt  not  the  cross  N, 
capensis  ^  x  N,  ccerulea  ^  ;  and  the  cross  Fucus  vencaltma  %  x  F. 
serratus  ^,  bnt  not  F,  serrcUtu  i  x  F,  vestculostu  ^.  It  also 
happens  that  even  when  hybridisation  is  reciprocal,  the  one  nnion 
(4  ?  X  5  (J )  is  more  fertile  than  the  other  (5  ?  x  A  i)  \  thus 
the  cross  Dianthus  barbatus  i  x  D.  mperbus  ^  is  more  fertile 
than  the  cross  D.  superbus  ^  x  D  barbatus  ^  ;  and  again  Digitalis 
lutea  $   X  D.  ambigua  ^  than  D.  amhigua  $    x  D.  luiea  ^. 


These  cases  of  non-reoiprooal,  or  of  imperfectly  reciprocal  hybridisation,  i 
to  be  at  Tarianoe  with  the  statement  that  fertile  hybridisation  is  dependent  npon 
sexual  affinity ;  for  if  this  be  trae,  why  is  it  that  the  cross ^  $  x  B  ^  shoald 
succeed,  bat  not  the  cross  B  f  x  ii  ^ ,  the  sexual  affinity  being  necessarily  the 
same  in  both  cases?  The  failure  of  the  cross  in  these  eases  may  be  ascribed 
to  purely  mechanical  causes  ;  for  instance,  whilst  Mirabilis  Jalapa  is  fertiiiacd 
by  the  poUeo  of  M.  longiJU»ra,  M.  longifiora  cannot  be  fertilised  by  the  pollen 
of  M,  Jalapa^  probably  because  the  pollen-tubes  of  the  latter  arc  unable  to 
grow  long  enough  to  rrach  from  the  stigma  to  the  ovule  of  the  former  species. 
All  these  oases  require  further  investigation* 

Effects  of  the  Sexual  Process.  The  sexual  process  is  not  always 
limited  in  its  effect  to  the  production  of  a  spore  which  will  give  rise 
to  a  new  individual.  For  instance,  when  the  female  cell  is  borne 
by  the  parent  at  the  time  of  fertilisation,  the  act  of  fertilisation  in- 
duces a  more  or  less  marked  growth  and  change  in  the  adjacent 
organs  and  tissues  of  the  parent,  leading  to  the  formation  of  a 
fruit  (see  pp.  88, 528).  But  further  than  this,  it  has  been  occasion- 
ally observed  in  Phanerogams  that  the  constitution  of  the  mother- 
plant  is  somewhat  modified  in  consequence  of  pollination  by  an- 
other form.  For  instance,  in  the  Maize,  whilst  the  grains  in  the 
fruit-spike  of  the  mother- plant  usually  have  the  colouration  peculiar 
to  the  mother,  from  whatever  source  the  pollen  may  have  been 
derived,  it  sometimes  happens  that  when  a  plant  whose  grains  are 
normally  yellow  or  white  is  pollinated  from  another  variety  whose 
grains  are  brown  or  blue,  the  resulting  grains  are  brown  or  blue. 
It  is  well  known  that,  in  Orchids,  the  pollination  of  the  stigma 
acts  as  a  stimulus  to  the  development  of  the  ovary  and  ovules : 
and  in  some  cases  it  appears  that  even  fertile  seeds  may  be  pro- 
duced simply  by  the   influence  of  pollination,  the   mother-plant 
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being  Btimnlated  to  produce  seeds  without  any  sexual  process,  thai 
is,  parthenogeneticallj  {pseud agamy). 

Somewhat  analogoos  to  these  phenomena  are  those  presented  hy  the  so- 
called  praft-hybridt  (see  p.  768),  in  which  scion  and  stock  seem  to  mutually 
affect  each  other.  For  instance,  the  Bizzaria-Orange  is  a  tree  which  hears 
branches  and  fruits  characteristic  of  Citrtu  Aurantium  and  C  medtca^  and  of  an 
intermediate  form,  and  is  stated  to  be  a  graft  hybrid  of  these  two  species; 
similarly  CytUiu  Adami  is  a  plant  possessing  characters  intermediate  between 
those  of  Cytitui  Laburnum  and  C,  purpureua,  and  is  stated  to  be  a  graft-hybrid 
of  C,  purpurnu  on  C.  Laburnum ;  but  since  the  evidence  that  these  plants 
really  are  graft-hybrids  is  inconclusive,  it  is  unnecessary  to  consider  them 
further. 

§  22.  Heredity  and  Variation.  The  term  heredity  is  used 
to  express  the  fact  that  an  organism  inherits  in  some  degree  the 
characters  of  its  parent  or  parents.  The  degree  of  heredity — that 
is  the  degree  of  resemhlance  between  offspring  and  parents — varies 
widely,  inasmuch  as  not  all  the  characteristics  of  the  parent  are 
hereditary  in  all  modes  of  reproduction.  The  highest  degree  of 
resemblance  is  attained  by  means  of  vegetative  propagation  :  by 
this  means  the  peculiar  features  of  the  individual  may  be  exactly 
reproduced  in  the  ofPspring,  and  consequently  it  is  extensively 
made  use  of  in  horticulture  (e.g.  propagation  by  cuttings  and 
bulbs  ;  budding  of  Roses ;  grafting  of  fruit-trees,  and  of  ornamental 
trees  and  shrubs  with  variegated  or  otherwise  abnormal  foliage, 
etc.)  to  perpetuate  some  specially  valuable  peculiarity  of  a  plant, 
and  to  multiply  the  number  of  individuals  possessing  it.  Such  a 
high  degree  of  resemblance  between  parents  and  offspring  cannot  be 
attained  by  means  of  sexual  reproduction,  for  many  of  the  peculiar 
characteristics  of  the  parents  are  not  transmitted  by  this  means. 
The  plants  resulting  from  a  sexual  process  between  two  individuals 
of  the  same  variety  or  species  present,  not  so  mnch  the  character- 
istics of  the  parents,  as  the  characters  of  the  variety  or  species. 

The  phenomena  of  heredity  in  connexion  with  sexual  reproduc- 
tion are  especially  striking  in  the  case  of  hybnds,  though  the 
result  of  the  crossing  of  species  or  varieties,  as  shown  by  the 
characters  of  the  progeny,  is  by  no  means  always  the  same. 
Whilst  it  is  true,  as  a  rule,  that  hybrids  are  intermediate  in 
chariact«r  between  the  species  or  varieties  to  which  their  parents 
respectively  belong,  this  is  by  no  means  always  the  case ;  for  some 
hybrids  resemble  the  one  parent  more  than  the  other,  either  in 
external  form  and  colour,  or  in  properties  such  as  resistance  to 
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cold,  time  of  flowering  and  fruiting,  etc. :  in  facf,  when,  for 
instance,  a  number  of  seeds  are  produced  bj  hybridisation,  none  of 
the  resulting  seedlings  may  be  intermediate  in  character  between 
the  two  parents,  but  some  may  quite  resemble  the  one  parent,  and 
the  remainder  the  other.  When  the  hybrids  are  intermediate  in 
character,  the  blending  of  the  parental  features  may  manifest 
itself  in  different  degrees  ;  it  may  be  slight,  as  for  instance  when 
a  hybrid  of  parents  with  differently  coloured  flowers,  bears  flowers 
of  the  two  distinct  colours  :  or  more  intimate,  as  when  in  such  a 
case  the  hybrid  bears  flowers  with  blotches  or  stripes  of  the  two 
colours  ;  or  complete,  as  when  in  the  same  case  the  flowers  of  the 
hybrid  are  of  a  tint  intermediate  between  the  colours  of  the 
parental  flowers.  The  same  peculiafities  are  presented,  of  coarse, 
by  other  structures;  for  instance,  as  regards  the  colour^  size, 
flavour  of  fruits,  the  size  and  shape  of  leaves,  etc. 

One  of  the  most  remarkable  aspects  of  heredity  in  plants  is  its 
relation  to  the  alternation  of  generations.  When  the  life-history 
of  a  plant  presents  a  regular  alternation  of  sporophyte  and  gameto- 
phyte,  it  is  the  alternate,  and  not  the  successive,  generations 
which  resemble  each  other;  sporophyte  resembling  sporophyte, 
gametophyte  resembling  gametophyte.  The  hereditary  character- 
istics of  the  sporophyte,  for  instance,  are  not  presented  by  the 
gametophyte,  which,  though  it  springs  from  it,  is  commonly  an 
altogether  dissimilar  organism,  but  are  transmitted  through  the 
gametophyte  to  the  succeeding  gamogenio  sporophyte.  This  is 
not  only  obviously  the  case  in  plants,  such  as  Ferns,  in  which  the 
alternate  generations  are  distinct  organisms;  but  it  is  equally 
true  of  the  plants,  such  as  Bryophytes  and  Phanerogams,  in  which 
the  alternate  generations  remain  more  or  less  intimately  connected. 

Variafion  is  the  term  used  to  express  the  fact  that  an  organism 
may  differ  more  or  less  widely  from  its  pai*ent  or  parents,  present- 
ing often  some  new  characters,  when  it  is  termed  a  variety. 

It  is  in  connexion  with  sexual  reproduction  that  variation  is 
most  frequently  manifested.  It  may,  in  fact,  be  generally  stated 
that  variation  is  more  frequent  and  more  marked,  the  more  re* 
mote  (within  the  limits  of  sexual  affinity)  the  relationship  between 
the  two  parents :  thus  variation  is  most  common  in  the  offspring 
of  individuals  of  different  species ;  frequent  in  the  offspring  of 
two  individuals  of  different  varieties  of  the  same  species ;  least 
common  in  the  offspring  of  two  individuals  of  the  same  species  or 
variety. 
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It  would  seem  natural  to  carry  this  rule  fnrtlier,  applying  it  to 
the  case  of  asexual  reproduction  so  as  to  lead  up  to  the  conclusion 
that  variation  does  not  occur  at  all  in  plants  produced  asexually  ; 
that  variation  is,  in  fact,  necessarily  associated  with  the  sexual 
process ;  a  conclusion  which  has  met  with  a  certain  measure  of 
acceptance.  But  it  is  a  question  whether  this  conclusion  can  he 
fairly  drawn  when  all  the  facts  of  reproduction  in  plants  are  duly 
taken  into  account.  Considering,  first,  the  fact  of  asexual  repro- 
duction hy  means  of  gonidia,  which  is  so  common  among  the 
Thallophytes,  and  which  in  some  Fungi  (e.g,  Basidiomycetes  and 
many  others),  is  the  only  known  mode  of  reproduction,  it  is  in- 
conceivable, in  the  face  of  the  vast  number  of  families,  genera,  and 
species  of  the  plants  under  consideration,  that  variation  has  not 
taken  place  among  them,  although  they  present  no  indications  of 
sexuality.  Then  there  are  the  facts  of  hud-variation  to  be  con- 
sidered. Bud- variation  is  the  term  used  to  express  the  fact  that 
shoots,  whether  reproductive  or  vegetative,  are  sometimes  de- 
veloped, which  differ  in  some  striking  manner  from  the  other 
normal  shoots  of  the  plant ;  these  varying  shoots  are  known  as 
**  sports  '* :  for  instance,  many  varieties  of  Rose  are  known  to  have 
arisen  in  this  way,  such  as  the  Moss-rose  from  the  Provence  rose 
{Rosa  centifolia).  The  varieties  arising  in  this  way  can,  as  a  rule, 
only  be  propagated  vegetatively,  by  cuttings,  grafts,  etc.,  but  oc- 
casionally they  come  true  from  seed.  Here  again  variation  seems 
to  occur  independently  of  sexual  reproduction. 

With  regard  to  the  causes  of  variation,  it  would  appear  that  the 
capacity  for  variation,  or  vaHahility^  is  increased  (a)  by  sexual 
reproduction,  and  (6)  by  external  conditions,  more  particularly 
high  nutrition,  as  is  shown  by  the  fact  that  bud- variation,  for 
instance,  is  rare  in  wild  plants  but  comparatively  common  in 
cultivated  plants.  The  character  of  the  variation  has  also  to  be 
considered.  There  is  no  doubt  that  variation  is  often  the  mani- 
festation, not  of  a  new  character,  but  of  an  old  ancestral  character 
which  had  become  dormant :  this  is  especially  true  of  the  varia- 
tions of  sexually-produced  plants,  but  it  is  also  true  in  many  cases 
of  bud- variation :  this  kind  of  variation  is  termed  reverdoth.  But 
there  seem  to  be  many  cases  of  variation,  and  more  particularly 
of  bud- variation,  which  cannot  be  attributed  to  reversion,  and  in 
which  the  direction  of  variation  does  not  appear  to  be  traceable  to 
any  determining  external  causes :  such  variations  seem  to  be 
altogether  fortuitous. 
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The  Origin  of  Species.  From  the  foregoing  statements  relating 
to  heredity  and  variation,  it  is  possible  to  draw  conclnsions  not 
only  as  to  the  maintenance  of  existing  species,  bnt  also  as  to  the 
evolution  of  new  species. 

It  is  clear  that  new  forms  may  arise  in  either  of  two  ways : — 
either,  first,  as  the  result  of  the  crossing  of  distinct  varieties  or 
species;  many  recognized  species  and  varieties  are  probably  of 
hybrid  origin :  or,  second,  as  the  result  of  variation.  The  forms 
thus  produced  will  exist,  for  a  time  at  any  rate,  provided  that 
they  are  capable  of  reproducing  themselves,  either  vegetatively 
(tf.g.  by  tnbers,  bulbs,  etc.),  or  sexually  (by  seeds,  etc.)  But  their 
persistence  for  any  long  period  depends  upon  their  success  in  the 
straggle  for  existence.  They  have  to  compete  for  their  life  with 
their  parents  and  with  any  other  closely  similar  new  forms  which 
may  have  also  been  developed :  if  they  are  successful,  they  will 
persist,  and  their  competitors  will,  some  or  all  of  them,  die  out. 
The  degree  of  their  success  depends  essentially  upon  the  degree 
of  their  adaptation  to  the  circumstances  amidst  which  they  have 
to  live.  If  they  excel  any  of  their  competitors  in  the  combination 
of  qualities  (such  as  hardiness,  time  of  flowering  or  fruiting,  fer- 
tility,  etc.)  which  adapt  them  to  the  prevailing  conditions  of  life, 
they  will  persist  and  the  'others  will  disappear.  This  condition 
of  struggle  constitutes  Natural  Selection,  for  the  survivors  of  the 
struggle  are,  as  it  were,  selected  by  the  fact  of  their  survival. 

At  first  all  new  forms,  however  produced,  appear  as  what  may 
be  termed  varieties  of  their  parent  species :  but,  if  they  possess 
the  requisite  reproductive  capacity,  and  if  they  are  successful  in 
the  struggle  for  existence,  they  eventually  become  isolated  by  the 
disappearance  of  many  of  the  allied  forms,  including  perhaps  the 
parent  forms,  and  remain  as  distinct  species.  Thus  in  some  gdnera 
of  flowering  plants,  the  recognised  species  are  few  and  distinct; 
whilst  in  many  genera  (e.g.  Rubus,  Hieracium).  the  greatest  diffi- 
culty is  experienced  in  distinguishing  the  species  and  varieties, 
because  the  process  of  isolation  by  natural  selection  has  not  yet 
been  sufficiently  operative. 

§  23.  The  Theory  of  Reproduction.  The  theory  of  re- 
production is  extremely  simple  in  connexion  with  the  more 
primitive  modes  of  vegetative  propagation.  When,  for  instance, 
a  unicellular  organism  divides  into  two,  it  is  easy  to  understand 
that  the  two  new  organisms  will  resemble  each  other  and  the 
parent  from  which  they  have  sprung,  because  the  parental  cell 
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divided  into  two  exactly  similar  parts.  Again,  when  a  plant  is 
propagated  by  a  bnlb  or  a  cutting,  it  is  still  easy  to  nnderstand 
that  the  resulting  plant  will  resemble,  as  it  usually  does  in  detail, 
the  plant  which  produced  the  bulb  or  from  which  the  cutting  was 
taken.  But  when  a  plant,  a  Mushroom  for  example,  is  developed 
from  a  single  minute  reproductive  cell,  representing  but  an  in- 
finitesimal proportion  of  the  protoplasm  of  the  parent  plant,  it  is 
not  easy  to  understand  how  the  parental  characters  can  be  trans- 
mitted to  the  offspring  by  such  apparently  inadequate  means. 
The  bulk  of  the  structure  by  which  reproduction  is  effected,  would 
seem  to  be  an  expression  of  the  fact  that  the  bulkier  reproductive 
structure  (bulb,  tuber,  etc.)  is  but  a  vegetative  structure  imper- 
fectly differentiated  for  the  purpose  of  reproduction,  but  which, 
at  the  same  time,  ensures  a  close  indiviJual  resemblance  between 
parent  and  offspring:  whilst  a  single  minute  reproductive  cell, 
on  the  other  hand,  such  as  the  gonidium  of  a  Mushroom,  though  a 
less  efficient  instrument  of  heredity,  is  much  more  highly  specialised 
for  the  work  of  reproduction. 

If  it  be  asked  in  what  does  this  specialisation  consist,  no  satis- 
factory reply  can  be  given  at  present ;  as  already  pointed  out  (see 
p.  766)  there  is  no  method  by  which  reproductive  capacity  can  be 
analysed  or  determined.  It  is,  however,  generally  agreed  that 
the  transmission  of  hereditary  characters  is  intimately  associated 
with  the  nucleus  of  the  reproductive  cell,  and  especially  with  the 
fibrillar  network  (see  p.  96)  of  the  nucleus.  But  the  fact  that 
this  is  so  still  remains  unexplained,  as  also  the  fact  that  repro- 
ductive cells  differ  so  widely  in  their  properties  from  vegetative 
cells,  although  many  attempts  at  an  explanation  have  been  made, 
such  as  the  theory  of  Pangenesis  and  that  of  Germ-plasm. 

Whilst  the  ultimate  facts  of  reproduction  thus  remain  unex- 
plained, the  proximate  facts  of  sexual  reproduction  can  be  rez^ 
dered  intelligible.  It  has  been  already  pointed  out  (p.  770)  that  a 
gamete  is  incapable  by  itself  of  giving  rise  to  a  new  individual ; 
but  that  by  the  fusion  of  two  gametes  of  opposite  sexes  a  spore  is 
formed,  possessing  twice  as  many  chromosomes  in  its  nucleus  as 
did  the  gametes,  from  which  a  new  individual  may  be  developed. 
The  nuclei  of  the  new  individual  (in  view  of  the  strict  equality  in 
the  process  of  mitotic  division,  p.  118)  must  all  contain  chromosomes 
derived  from  both  the  gametes  which  had  fused  in  the  sexual 
pi^ocess ;  and  if,  as  seems  probable,  the  transmission  of  hereditary 
characters  is  associated  with  the  nuclear  chromosomes,  the  char- 
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acters  of  the  individual  will  be  those  transmitted  to  it  by  the 
chromosomes  of  the  gametes.  Conseqaentlj,  if  the  gametes  were 
derived  from  two  distinct  individuals,  the  characters  of  the  new 
individnal  will  be  those  of  its  two  pai*ents.  In  this  way  the  more 
obvioas  phenomena  of  heredity  can  be  traced  to  a  material  basis, 
and  are  thereby  rendered  more  comprehensible. 

Bat  what  is  trne  of  the  new  individual,  applies  likewise  to  its 
parents :  the  characters  which  each  parent  transmits  to  the  off- 
spring are  those  which  it  has  itself  received  from  its  two  parents, 
and  so  on  :  hence  the  characters  inherited  by  any  individual  are  to 
be  regarded  as  belonging  rather  to  the  race  than  to  its  immediate 
progenitors.  This  conception  also  can  be  traced  to  a  material 
basis.  It  has  been  suggested  that  the  discoid  segments  (con* 
sisting  of  linin  and  chromatin,  p.  96)  of  which  the  nuclear  chro- 
mosomes consist,  each  represent,  in  a  gamete,  substance  derived 
from  a  number  of  ancesto]*s,  the  whole  chromosome  representing* 
many  ancestors,  and  the  chromosomes  together  all  the  ancestors 
whose  substance  still  persists  in  the  gamete  and  will  bo  trans- 
mitted by  the  gametes  to  the  next  generation.  The  term  id  is 
used  to  designate  one  of  these  material  units  which  seem  to  con- 
stitute the  physical  basis  of  heredity. 

Applying  these  considerations  to  the  elucidation  of  the  repro- 
ductive process  in  a  plant,  such  as  a  Fern,  whose  life-history  pre- 
sents antithetic  alternation  of  generations,  it  would  appear  that 
the  sudden  reduction  by  half  of  the  number  of  the  nuclear  chromo- 
somes which  attends  the  initiation  of  the  gametophyte  (see  p.  771) 
is  to  be  attributed  to  the  fusion  of  the  ids  in  pairs :  and  further, 
that  it  is  not  until  this  stage  that  a  real  fusion  of  the  nuclear 
substance  of  the  gametes  actually  takes  place. 

The  phenomena  of  heredity  as  manifested  in  the  products  of 
sexual  reproduction  may  be  accounted  for  in  connexion  with  this 
fusion  of  the  parental  ids.  When,  for  instance,  in  hybridisation,  all 
the  parental  ids  exert  their  full  influence,  the  offspring  is  precisely 
intermediate  in  character:  but  when,  from  some  cause  which 
cannot  now  be  explained,  some  of  the  ids  are  paralysed  or  neu- 
tralized, the  offspring  resembles  one  parent  more  than  the  other. 
The  character  of  the  hybrid  too,  whether  blended  or  blotched,  may 
be  referred  to  some  such  cause. 

Turning  now  to  the  phenomena  of  variation :  this  may  be  ac- 
counted for,  when  it  depends  on  reversion,  on  the  assumption  that 
some  of  the  ancestral  ids  which  have  remained  neutralized  and 
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ineffective  for  generations,  are,  as  it  were,  set  free  in  consequence 
of  some  fresh  ci*ossing  or  of  some  important  change  in  the  con- 
ditions of  life,  so  that  the  latent  ancestral  characters  now  reveal 
themselves.  It  is  scarcely  possible  to  offer  any  satisfactory  ex- 
planation of  variation  dne  to  other  canses,  but  there  is  one  point 
which,  in  conclusion,  demands  special  consideration ;  that  is, 
whether  or  not  variations  which  are  the  result  of  the  influence 
of  the  external  conditions,  can  be  transmitted  to  the  offspring. 
There  is  no  doubt  that  they  can  be  transmitted  by  means  of 
vegetative  propagation.  But  the  real  question  is  as  to  whether 
or  not  they  can  be  transmitted  through  the  sexnal  process;  as 
to  whether  or  not  the  ids  in  the  gamete  of  an  individual  can 
transmit  not  only  the  ancestral  characters,  but  also  characters 
which  presented  themselves  apparently  for  the  firat  time  in  the 
individual  itself.  The  weight  of  opinion  is  at  present  in  favour  of 
the  view  that  such  acquired  characters  cannot  be  so  transmitted ; 
but  in  the  face  of  the  fact  that  some  variations  apparently  of  this 
nature  (e.g.  doubling  of  flowers,  variegation  of  leaves)  are  often 
transmitted  in  this  way,  it  cannot  be  conceded  that  this  view  is 
conclusively  established. 
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294. 
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(Kig.  335),    592  (Fig. 

897). 
Aooras,  536, 539  (Fig.  348). 
Acrocarpe  (Masci),  370. 
AcrogvnsB  (Hepaticffi),347» 

352. 
Acrosticheie,  390,  405. 
Acroi*ticham,  405. 
Actsea,  593. 
ActinostrobiniB,  486. 
Actinostrobns,  486. 
Adder's- tongue  Fern,  3S2. 
Adhatoda,  646. 
Adiantam,  390,  397  (Fig. 

263),  4U0  (F.g.  266), 

405. 
Adlumia,  601. 
Adonis,  592. 
Adoxa,  519,  659. 
^cidiomycetes,  275,  280, 

303. 
^oidiam,  308. 
iEgopodiam,  625. 
JEaenlxiB,   509,  616  (Fig. 
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iEthaliam,284. 
i^thasa,  623. 
AgapanthuB,  510,  558. 
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Agaricus,    275,  311  (Fig. 

219),  317  (Fig.  222). 
Agathis,  479,  483. 
AKathoema,  614. 
Agave,  568. 
AgavoideaB,  568. 
Agiaozonia,  261. 
AKopyruiD,  550. 
Agritnonia,  633. 
AgrostideiB,  548. 
Agrostis,  548. 
Aigeiros,  586. 
Ailanthas,  615. 
Aira,  549. 

AizoaceflB,  573,  600. 
Ajax,  568. 
Ajnga,  643. 
AjugoidetB,  618. 
Akebia,  595. 
Alaria.  257. 
Alchemilla,  633. 
Alder,  580. 
Aldrovauda,  608. 
Aletrif*,  559. 
AletroideiB,  559. 
Alp».  217.  221 
Alicularia,  347,  352. 
Alisma,  444  (Fig.  28  7),  502, 

554  (Fig.  360). 
AlismacesB,  502.  538,  554. 
Alismales,  533.  538.  553. 
Alkanet.  650. 
Allamanda,  651. 
All-good,  587. 
Alli<»ide{B.  658. 
Allium,  493,  496,  617.558. 
Allosoras,  405. 
AU-seed,  600. 
Allspice,  594. 
Almond-tree,  633. 
AlnuB,  528.  580  (Fig.  383), 

581  (Fig.  384). 
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Alocasia,  541. 
Aloe,  558. 
Aloidella,  359. 
Atoina,  359. 
Alopecaras,  546,  548. 
Alpine  Rose,  655. 
Alpinia,  562  (Fig.  867). 
AlsinesB,  599- 
Aisophila,  391.  405 
AlstroBmeria,  492, 510, 56<). 
AltbflBa,  502,6Ll(Fig.4ia). 
Althenia,  553. 
AiysBinefB,  605. 
Alyssam,  605. 
Amanita,  312.  817  (Fig. 

222). 
AmarantaceflB,    494,    613. 

573,  587. 
Amaruntas,  514,  587. 
AmaryllidocesB.  493,  538, 

667. 
Amaryllidoiden,  567. 
Amaryllis,  510,  567. 
Amelanchier.  635. 
Ameiitales,  528,  578,  679, 

580  (Fig.  382). 
American  Aloe.  568. 
Aiiimi,  625. 
AmminesB,  625. 
Ainomales,  538, 561. 
Ainorpba,  636. 
AinorphopliaHus,  583,  540. 
AmpelidacesB,    498.    501, 

574,  619. 
Ampelopsis,  619. 
Aniphibolis,  553. 
Ainsonia,  661. 
Ainygdalas,  632. 
Atijyiam  Marantic,  568. 
Anabfsna,  232  (Fig.  165), 

412. 
Anacamptodon,  871. 
Anacardiacen.    626,    674, 

617. 
Anacardium,  509. 
Anacharis,  560. 
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AnacrogynfB,  347,  351. 
Anadyomene.  242. 
Anagallis,  531,  653. 
Anamirta,  695. 
Ananas,  561. 
Anaptychia,      320      (Fig. 

226). 
Anchusa,  650  (Fig.  450). 
AncylistaceaB.  287,  290. 
Ancylistes,  291. 
Andrachne,  621. 
Andresea,    332,    354,   365 

(Fig.  249). 
AndreaBaceae,     328,     330, 

363.  3.5. 
Androcryphia,    343,    847, 

3ol. 
Andromeda,  655. 
Andropogon,  548. 
AndropogoneiB,  548. 
Aneimia,  388,  406. 
Anelateres,  351. 
Anemone,   494,   513,   592 

(Fig.  397). 
Anemoneaa,  591. 
Anenra,  343.  351. 
Angelica,  626. 
AngeliceflB,  625. 
Angiopteris,  375,  883. 
Angiosperms,    217,    462, 

489. 
Angraeoum,  567. 
Angustiseptaa,  605. 
Annatto,  606. 
Anomospermum,  695. 
Antennaria,  664. 
AuthemideiB.  664. 
Antbemia,  664. 
Anthericam.  558. 
Anthooeros.  330  (Fig.  238), 

352  (Fig.  246). 
Anthocerotacee.  329,  831, 

335   (Fi^.   23U),   336, 

352, 
Anthostema,  622. 
Anthozanthum,  548. 
Anthrtsons,  626. 
Anthnriam,  540. 
AnthyUis,  636. 
Antiaris,  578. 
Antirrhinnm,  644. 
Antirrhoideaa,  641. 
Anyohia  513  (Fig.  328). 
Apera,  548. 
Aphanomyces,  294. 
ApiocyBtis.  236. 
Apium,  625,  626. 
Aplanes,  293,  294. 
ApocynacesB,  526, 527,575, 

651. 
Apodya,  294. 


Apogon,  569. 
Aponogeton,  554. 
Aponogetoneas,  554. 
Apple-tree,  634. 
Apricot,  633. 
Aqoifoliaces,  574,  619. 
Aquilegia,  502,  593  (Fig. 

39m). 
Arabideaa,  604. 
Araceaa,  512, 518, 538, 539. 
Araohis,  637. 
Arales,  538,  539. 
Araliacee,  574,  626. 
Araucaria,  465,  482. 
AraucarineaB,  467,  483. 
Arbor  Vit»,  486. 
ArbntoideflB,  655. 
Arbutus,  655. 
Arcenthos,  486. 
Archangelica,  626. 
Archegoniata,  218. 
Archidiaoeaa,  363,  366. 
Arehidium,  330,  361,867. 
Arctium,  664. 
ArctostaphyloB,  655. 
Arcyria,   284    (Fig.   198), 

285. 
Ardisia,  654. 
Areca,  544  (Fig.  852). 
Arenaila,  599. 
Aria,  635. 

Arisarum,  589,  541. 
Aristea,  569. 
AristinsB.  669. 
Aribtolochia,     456     (Fig. 

293),  514,  618,  586. 
Aristolochiaceae,  520,  673, 

588. 
Arm^ria,  654. 
Armillaria,  812 
Arnica,  662  (Fig.  464),  663. 
ArnoseriH,  666. 
Aroideas,  541. 
Arrhenatherum,  649. 
Arrow-grass,  654. 
Arrow-head,  555. 
Arrow-root,  562,  563, 
Artemisia,  663  (F.g.  466), 

664. 
Arthrocladia,  257, 259. 
Artichoke,  66^, 
Artocarpns,  577. 
Arum,  615.  539  (Fig.  349). 
Arundinaria,  550. 
Asarabacca,  588. 
Asaralee,  573,  588. 
Asarum,  588  (Fig.  394). 
AsclepiadaceGB,  517,    575, 

651. 
Asolepias,  501,    651  (Fig. 

462). 


Ascobolns,  276.  803. 
AncoUchenes,  320. 
Ascomycetes,     274,    280, 

294. 
Ascophyllum,  266. 
Ash,  652. 

AsparagoideflB.  558. 
Asparagus.  558. 
Aspen,  586. 

Asperocoocns,  257,  259. 
Aspemla,  658. 
AsphodeloideaB,  558. 
Asphodelus,  558. 
Aspidieae,  405. 
Aspidistra,  569. 
Aspidium,  390,  391  (Fig. 

258),  405. 
Aspleniee,  405. 
Aspleuium,  3b9  (Fig.  257), 

890.  4U5. 
Aster,  668. 
Asterales,  575,  660. 
Asterocephalas,  661. 
Asteroideae.  663,  664. 
Astilbe,  639. 
Astomum,  368. 
Astragalus,  522,  686. 
Astrantia,  625. 
AstroporsB,  342. 
Atbrotazis,  485. 
Athyrium,  405. 
Atragene,  591. 
Atrichum,  362,  870. 
Atrii^lex,  587. 
Atropa,  648  (Fig.  449). 
Anouba,  626. 
Anlaoomnium,  357, 870. 
AurantiesB.  614. 
Auricularia,  815. 
Aurioularieae,  312,  816. 
Antenpuccinia,  807. 
Auteu-uromyces,  807. 
Autobaftidiomyoetes,   313, 

315. 
Autumn  Crocus.  558. 
Avena,  548  (Fig.  856),  549. 
AveneaB,  548. 
AveuB,  634. 
Averrboa,  613. 
Awl-wort,  605. 
Aytonia,  342. 
Azalea,  655. 
AzoUa,  406,  410,  415. 

Bacillus,  281   (Fig.  197). 

282. 
BacteriacesB,  282. 
Bacterium,  281  (Fig.  196). 

282. 
Badhamia,  285. 
BfBomyceas,  322. 
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Balanopliora,  590. 
Balanophoraces,  519, 573, 

590. 
Balloia,  643. 
Balm,  613. 

BalsaminaceflB,  574,  613. 
Bamboo,  550. 
Bamboo  Palm,  543. 
Bambnsa,  515  (Fig.  353), 

550. 
BambasesB,  550.  , 
Banana,  562. 
Baneberry,  59 S. 
Bangia,  268,  272. 
BangiaceflB,  267,  272. 
Banyan,  578. 
Baptiftia,  636. 
Barbar^a,  604. 
Barberry,  305.  595. 
Barbula,  359,  370. 
Barley,  550. 
Barosma,  614. 
Bartsia,  645. 
Basidioliohenes,  320. 
Baaidiomyoetes,  274,  280, 

310. 
Bastard  Toad-flax,  589. 
Batatas,  647. 
Batrachospermom,    268, 

272. 
Battarea,  319. 
Baohinia,  637. 
Bean,  637. 
Bearberry,  655. 
Bed.straw.  658. 
Beech,  583. 
Bee  Orchis,  566. 
Beetroot,  587. 
Beggiatoa,  282. 
Begonia,  627. 
BegotiiaoeiB,  574,  627. 
Beliadouna  Lily,  567. 
Bellis.  r63. 
BentOrass,  518. 
Berb^ridac^as,    502,    520, 

573,  595. 
Berberis,  498  (Fig.  311), 

595. 
Bergenia,  639  (Fig.  439). 
Bermadiana,  5o9. 
Bertboiletia,  6.H1. 
Beta,  587. 
Betel-Palm,  544. 
Betony,  643. 
Betnla,  528,  581. 
BetalacesB,  513,  573,  580. 
Bidens,  664. 
BignouiacesB,  575,  646. 
Biberry,  656. 
Bindweed,  647. 
Binadearia,  247* 


Biophytnm,  613. 
Kiota.  466,  486  (Fig.  306). 
Birch,  5dL. 
Bird-Clierry,  633. 
Bird*8-foot  Trefoil,  636. 
Bird*8  nest,  (^56. 
Bird's-nest  Orchid,  567. 
Birthwort,  588. 
Bistort,  598. 
Bitter  or  Seville  Orange, 

615. 
Bittersweet,  649. 
Bixa,  606. 
Bixaces,  573,  606. 
Blackberry,  634. 
Black  Bryony,  660. 
Black  Pine,  48f« 
Black  Poplar,  5^6. 
Black  Thorn,  633. 
Bladder  Fern,  405. 
Bladder  Senna,  636. 
Blaeberry,  656. 
Blasia,  343,  347,  351. 
Blechnnm,  390,  405. 
Bletia,  564. 
Blinks,  600. 
Bine  bell,  556* 
Blae-bottle.  664. 
Blne-eyed  Grass,  569. 
Blyttia,  348,  351. 
Bog-Asphodel,  558. 
Bog-bean,  651. 
Bog-Myrtie,  584. 
Bog-Orchis,  567. 
Bog-Bosh,  551. 
Bdhmeria,  577. 
Boleras,  812, 316. 
Bonapartea,  568. 
Bonnemaisonia,  272. 
BonnemaisoniaoeiB,  272. 
Borage,  650. 
Boraginaces,     490,     508, 

575,  649. 
Boraginoii\ea3,  650. 
Borago,  650. 
BorassinsB,  543. 
Borassus,  543. 
Borecole,  604. 
Borneo  Camphor,  609. 
Boschia,  336. 
Boswellia,  615 
Botrychiam,     374,     381, 

382  (Fig.  255). 
Rotrydiead,  240. 
Botrydium,  239  (Fig.  171). 
Botryococons,  236 
Bougainvillea,  588. 
Bouvardia,  659. 
Hovista,  318. 
Bowenia,  481* 
Bowiea,  558. 


Box,  623. 

Bracbypodinm,  549. 
Brachythecinm,  371. 
Bracken,  405. 
Brasenia,  594. 
Brassica,  603  (Fig.  407). 
Brassiceas,  604. 
Brazil  Nut,  631. 
Bread-irnit,  578. 
Bremia,  292 
Bridelia  621. 
Briza,  549. 
Broccoli,  604. 
Brodifoa.  558. 
Brome-Grass,  549. 
BroroeliacefB,  538,  561. 
Bromus.  549. 
Brookweed,  654. 
Broom,  636. 
Broomrape,  646. 
Bronssonetia,  578b 
Browallia.  649. 
Bnichia,  368. 
BrachiaceaB,  368. 
Brngmansia,  589. 
Brngniera,  632. 
Bmssels-ppronts,  604. 
BryacefB,  370. 
Bryineao,    330,  855,  363, 

3«7. 
Bryonia,  516.  628. 
Bryophyta.  217,  324. 
Bryopsis,  210. 
Bryum.  359,  370. 
Back-bean,  651. 
Buckthorn,  618. 
Buckwheat,  598. 
Bulbochaste,  219. 
Bulgaria,  303. 
BnlgarieflB,  303. 
Bullaoe,  633. 
Bulrush,  542,  551. 
Bupleurum,  625. 
Burdock,  664. 
Bur-reed,  542. 
BuraeraoeaB,  574,  615. 
Butcher's  Broom,  558. 
BntomaceflB,  502,  538,  555. 
Butomopsis,  5&5. 
Butomus,   602,   525  (Fig. 

338),  554  (Fig.  36u), 

555  (Fig.  361). 
Butter-bur,  664. 
Buttercup,  592. 
Butterfly  Orchis,  566. 
Batterwort,  647. 
BuxaoeaB,  574,  622. 
Buxbaumia,  370. 
Buxbaumiacen,  370. 
Baxas,  515,  623. 
BybUs,  608. 
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Cabbage,  604. 
Gabomba,  594. 
CaboinbeaB,  594. 
Gactacef&,  574,  628. 
Cffioma.  308. 
CsBsalpinia,  637. 
GsBsalpiuieaB,  637. 
Cakile,  605. 
Gakilineie,  605. 
Galabar  Beau,  637. 
Galadium,  541. 
Calamagrostis,  548. 
Calamintba,  642. 
Calamus,  544. 
CaliDthe.  564. 
Calceolaria,  t4i, 
CaienduleaB,  664. 
Calendula,  664. 
Calicieae,  322. 
Calla,  510. 
Callistemou,  631. 
Calli^tephuB,  663. 
Callithamnion,  267,  272. 
Callitiicbacefle,  574,  623. 
Callitriche.  623. 
Callitris,  486. 
CalloideiB,  540. 
Callnna,  655. 
Calobryum.  861. 
Calocera,  313.  315. 
Calochortas.  556. 
Calosphseria,  302. 
Calof^toma.  318. 
Calothamnus,    631    (Fig. 

431). 
Caltha.  502,  593. 
Calyoanthaceffi,  520,  573, 

594. 
Calycauthus,  496.  504. 
Calyciflors,  574.  623. 
Calypogeia,  345,  352. 
CalyBtegia,  647. 
CaujanHia,  556. 
Gamelina,  605. 
CamelineaB.  605. 
Camellia,  494,  609. 
Carapanales,  575,  656. 
CampaxiQla,498(FiK.  312), 

657  (Figs.  456,  457). 
Campanulaces,  498,  508, 

575,  666. 
Campion,  599. 
CiimpylospermefB  625,626. 
Cauada-balsam,  484. 
Candytuft,  605 
Canna,  506,  519,  563  (Fig. 

308). 
CannabinaceiB,   496,   515, 

573,  578. 
Cannabis,  578. 
Cannaces,  562. 


Canterbury-bell,  657. 
(!antliaiellu8,  317. 
Caoutchouc,  578,  622. 
Cnper,  605. 
CapparidaceflB,    526,   573, 

605. 
Capparis,  605  (Fiff.  408). 
CaprifoliacesB,    510,    575, 

659  (Fig.  460). 
Capsella,   443   (Fig.  286), 

605. 
Capsicum,  649. 
Caragaiia.  636. 
Cariillia,  632. 
Car^pa,  615. 
Caraway,  626. 
Cardamine,  604. 
Cardamom,  562. 
Carduus,  664. 
Cnrex.  515,  551  (Fig.  858). 
Carica,  627. 
CariooidfSB  551. 
Carlina,  664. 
Ciirline  Tbistle,  664. 
Carludovica,  542. 
Carnation,  599. 
Co  rob- tree,  637. 
Carpinus,    528,   582,  583 

(Fig.  387). 
Carpoiuitra,  257. 
Carrot,  626. 
Cartbsmus,  664. 
Carum,  529  (Fig.  341),  625 

(Figs.  426,  427J. 
Carya.  584. 
Car>ocedru8,  4^6. 
CaryophyllacefB,  494,  573, 

599. 
Caryopbyilales,  673,  698. 
Cassava,  622. 
Cassia,  637  (Fig.  436). 
Cassytha,  596. 
Castagnea.  257. 
Castanea,  583. 
Castor-oil  Plant,  622. 
Casuarina,  489,  528,  585. 
Casnarinaceaa,  573, 585. 
Catalpa,  646. 
Catchfly,  699. 
Catenella,  272. 
Catmint,  643. 
Cat's  Ear,  665. 
Cat's-tail  Grass,  548. 
Caucalineaa,  626. 
Caucalis,  626. 
Caulacanthus,  272. 
Caulerpa,   225  (Fig.  162), 

240. 
CanlerpesB,  240. 
Cauliflower,  604. 
Cedar,  484. 


Cedrela,  615. 
Cedrus,  463.  484. 
Celandine,  601. 
Celascraceffi,  526, 574. 618. 
Celastrales,  574,  618. 
Celery,  626. 
Celosia,  587. 
Celsia,  644. 
Celtis,  515,  579. 
Cembra,  485. 
Centaurea.  664. 
Centiiur}',  651. 
Ceutiantbus,    660     (Fig. 

462). 
Centrolepidaces,  652. 
Cepbaelis,  659. 
Cephalanthera,  566. 
Cepbalantheresd,  566. 
CephalidesB,  289. 
CephalotaceflB,  574,  640. 
Cephalotaxus.  466,  487. 
('ephalotus,  640. 
Ceramiaces,  272. 
Ceraminm,  272. 
Cerastium,  603,  599. 
Cerasus,  633. 
Ceratium.  285. 
Ceratopteris,  393. 
Ceratodon,  330  (Fig.  238), 

370. 
Ceratonia,  637. 
CeratophyllaceaB  673,598. 
GeratophyJlum.  t>98. 
Ceratozamia  471   481. 
G#*rcis,  511  (Fig.  327),  637. 
Cereus,  629. 
Cerinthe,  496. 
Ceropegia,  652. 
Ceroxylinaa,  544. 
Cestre©,  6^9. 
Cestrum,  649. 
Ceteraf^b,  405. 
Cetraria,  322. 
Gbffirophyllum,  6^6. 
ChaBtocladieas,  287,  289. 
Cli89tocladium,  269. 
Chetoroium,  276,  *i98,30l. 
ChfBtomorpha,  241. 
ChaBtophora,  248. 
CbsBtophoracee,  243,247. 
ChfBtopteri3.224(Fig  160), 

257,  259. 
Chamfficyparis,  486. 
Chamsadorea,    543     (Fig. 

351). 
ChamaBlaucien,  631. 
Chameeorohis,  566. 
CbamsBrops,  543. 
Chamomile,  664. 
Champia,  272. 
Chantransia,  268,  272. 
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Chara,  251  (Fig.  180),  253 

(Pig.   181),  266  (Fig. 

183). 
CharacefB,  251. 
Gbaracium,  236. 
Chare».  266. 
Charlock,  605. 
GharoideflB,  236,  251. 
Ghasmanthera,  595. 
Chaste  Tree,  643. 
Gheilanthes,  391,  405. 
OheiranthuB,  604. 
Chelidoniam,601(Fig.404). 
Ghelone,  644. 
Chenopodiaces,  496,  613, 

573,  587. 
Cbenopodiales,  67i),  673, 

586. 
Ghenopodiam,    586   (Fig. 

392). 
Cherrv  Lanrel,  633. 
Chervil,  626. 
Chickweed,  699. 
Chickweed  Winter-green, 

664. 
Chicory,  665. 
Chili  Pepper,  649. 
ChiloBcyphus,  343. 
Chimonanthas,  594. 
China  Aster,  663. 
Chinese  Yew,  4^7. 
Chionanthns.  652. 
Chionodoxa,  566. 
Cliives,  558. 

Chlamydomonadace«,237. 
Chlamydomonas,  237. 
Chlora,  651. 

ChlorauthaeesB,  573,  576« 
ChloridesB,  649. 
Chlorochytrium,  236. 
Chlorococonm,  236. 
Chlorophyces,    221,  234, 

321. 
Cblorophytnm,  558. 
ChlorosphsBra,  236. 
Chocolate,  611. 
Chomiocarpon,  343. 
Chondriopsis,  268,  272. 
Chondms,  272. 
Chorda,  257,  259. 
Chordaria,  257« 
Choristocarpeas,  257. 
Cboristooarpns,  257,  259. 
Christmas  Rose,  593. 
Chromophyton,  2'>7. 
Chroococcaceffi,  233,  321. 
Chroolepas,  247. 
Chrozophora,  621. 
Chrysanthemum,  664. 
ChrysobalanesB,  636. 
Oirysodium,  390. 


Chrysomyxa,     807     (Fig. 

217). 
Chrysospleninm,  639. 
Chylocladia,  272. 
Cbytridiaceas,  278,  285. 
Cibotium,  391,  405. 
Cioendia,  651. 
Cichorieaa,  665. 
Cichorium,  493,  665* 
Cicuta,  625,  626. 
Cinchona,  659. 
Cinohonen,  659. 
Cinnamomnm,  596    (Fig. 

400). 
Cinqaefoil,  634. 
Circ»a,  630. 
Cissainpelos,  595. 
Cistacee.  573,  606. 
CiBtus,  606. 
Citron,  615. 
Citrullus.  628. 
Citrus,  614,  615  (Fig.  416). 
Cladochytries,  287. 
Ciadonia,  320.  321. 
Cladophora,  241  (Pig.  172). 
CladophoraoefB,  238,  241. 
Cladophoreea,  241. 
Cladostephus,  257,259(Fig. 

185),  260  (Fig.  186). 
CladothriohieflB.  282. 
Cladothrix,  282. 
Clndrastis,  636. 
Clarkia,  507. 
Clary.  643. 
Classification  of  Alge.  221. 

of  Angio»perma9,  533. 

of  Ascomycetes,  300. 

of  Baftidiomyoetes,  315. 

of  Bry<  phyta,  332. 

of  Chlorophycese,  235. 

of  ConifersB,  483. 

of  Dicotyledones,  573. 

of  FiliciniB,  381. 

of  Fungi,  280. 

of  Gymnosperms,  480. 

of  HepaticfB,  336. 

of  Lichenes,  320. 

of  Monocoty  ledones,538. 

of  Musci,  863. 

of  PhfcophyceiB,  257. 

of  Phauerogamia,  462. 

of  Phycomycetes,  285, 
290. 

of  Plants.  216. 

of  Pteridophyta,  878. 

of  Bbodophyceas,  272. 
Clatlirus,  3.9. 
Clavaria,  315  (Pig.  221). 
ClavariesB,  312.  315. 
Claviceps,  274,   301,    302 
(Fig.  212). 


Cleistocarpaa.  361,  368. 
Clematis,  502,  591. 
Cleome,  495. 
CleTca,  336. 
Climacium,  371. 
Closteriam,  244  (Pigs.  173, 

174). 
Clostridium,  282. 
Clover.  636. 
Club  Moss,  421. 
Club  Bush,  551. 
Clusia,  494,  496. 
ClusiaoeflB,  573,  609. 
Cluster  Narcissus,  5G8. 
Cluster  Pine,  485. 
Cluytia,  621. 
Cnious,  664. 
Cobssa,  648. 
Coooaces,  282. 
Cocooloba,  698. 
Gooculns,  502.  516. 
Coccus,  281  (Fig.  196). 
Gochlearia,  605. 
Cock's  Comb,  587. 
Cock's  Foot  Grass,  549. 
Coco-nut  Palm,544. 
Cocos,  544. 
CodiefB,  240. 
Codiiim,  240. 
C'jdouiefB,  351. 
Ccelastrnm,  242. 
CcBlospermes,  625,  686. 
Ccenogonium,  321. 
Goffea,  659. 
Goffeeo,  659. 
Coffee  tree,  659. 
Coix,  547. 
Cola,  611. 
ColchiceflB,  558. 
ColchicoideaB,  556. 
Colchioum,557  (Fig.  363), 

658. 
ColeanthuB,  547. 
Coleoohaste,  249,  250  (Fig. 

179). 
ColeochflBtaces,  243, 249. 
Coleosporium,  307. 
Coleus,  642. 
CoUabium,  564. 
Collema,    275,    298  (Fig. 

208),  321  (Fig.  228). 
CollemaoesB.  320. 
Colignonia,  588. 
Colocasia,  541. 
ColocasioideaB,  541. 
Colpomenia,  257, 259, 262. 
Colt's  Foot,  664. 
Columbine,  593. 
Columuea,  646. 
Colutea,  636. 
Colymbea,  475,  482. 
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Colza,  605. 
Gomiirum,  496,  634. 
Comfrey.  650. 
Commelyna.  510  (Fig.825), 

612,  556. 
Commelynaoett,  492,  638, 

656. 
Commelynales,  638,  655. 
Commiphora,  615. 
Common  Banil,  642. 
Common  Boglosa,  650. 
Compodta    (Marchantia- 

ocffi^  348 
Composite,  489.  676.  662 

^g.  465).  668  (Fig. 

Conferva.  247. 
Confervoidea,    236,    248, 

821. 
Conidiophore,  289. 
Goniferaa,  468,  480,  481. 
Coniopliora.  316. 
Coninm.  626  (Fig.  426). 
Conjngatn,  243,  244. 
Conocephalas,  848. 
Conopodium,  625. 
ConYallaria.  558. 
ConvoWalaoes,  676,  647. 
ConTolvulas,    614     (Fig. 

829).  647. 
Copper  Beech,  683. 
Coprinns  812,  317. 
Cora,  820, 321. 
Corallina,  272. 
Condlinaeea,  268, 272. 
Corallorhisa,  567. 
Coral  Boot,  567. 
Corbnlaria.  568. 
Corehorna,  610. 
CordyoepB,  276,  294,  801. 
Cord>line,  658. 
Coreopsis.  664. 
Coriandread,  6*16. 
Coriandnim,626  (Fig.426). 
Cork-oak,  688. 
Cornacen,  574, 626. 
Com  Cockle,  599. 
Cornel,  626, 
Com  Flag,  669. 
Com-flower,  664. 
Cornish  Heath,  655. 
Comish  Moneywort,  646. 
Com-salad,  661. 
Comns,  501,  626. 
Coronilla,  637. 
Corrigiola,  600. 
Corsioia,  336,  342. 
Corsinieffi,  340  342. 
Corticiam,  816. 
Cortinarius,  317. 
Corydalis,  511,  570,  602. 


Corylaees,  678,  681. 
Corylus,   528,  582   (Figs. 

886.  386). 
CoryphiniB.  648. 
CotinoB,  618. 
Cotoneaster,  684. 
Cotton,  612. 
Cotton-Orasa,  661. 
Conoh-Grass,  650. 
Cowberry,  656. 
Cow-Parsley,  626. 
Cow-Parsnip,  626b 
Cowslip,  658. 
Cowtree  578. 
Cow.Wbeat,  646. 
Crakeberry,  628. 
Crambe,  606. 
Oanbeny.  656. 
Oranes^.bUl,  612. 
Crassula,  640. 
Crassalaca.  492.  674.  640. 
Cratsgas,  684. 
Craterellus,  816. 
Craterocolla,  813.  816. 
Creeping  Bngle,  648. 
Crenothriz.  282. 
Crepis,  666. 
Cress,  606. 
Crinnm,  667. 
Cristatella.  626. 
Crithmum,  626,  626. 
Crocoides.  668. 
Crocus,  668. 
Cronartium,  307. 
Cross-leaved  Heath,  666. 
Croton,  622. 
Crotonee,  621. 
Crowfoot.  692. 
Crown  Imperial,  666. 
Craoibnlam,  318. 
Cracifera    489,  496,  673, 

602  (Fig.  406). 
Cryptogamia,  218. 
Cryptogramme,  406. 
Cryptomeria,  466,  486. 
Cryptonemia,  272. 
Cryptoneminn,  270,  272. 
Cubebe.  576. 
Gnokoo-pint.  641. 
Cacubaltts,  699. 
Cucumber,  628. 
Cucumis,  628  (Fig.  428). 
Cucurhita,  616,  628  (Fig. 

428). 
Cucurbitaoen,    616,    574, 

627. 
Cudweed,  664. 
CuDuinghamia,  465,  485. 
Cnphea,  631. 
Cupressus,  466,  486. 
Cupressins,  486. 


CupresflinesB,  466,  466. 

Cupnlifere,  273. 

Ctirare,  651. 

Carolina,  562. 

Currant,  6A0. 

Coscuta,  647.    648    (Fig. 

448). 
Cut-grass,  548. 
Cutleria,  267, 261. 
CutlerinoefB,  257, 259. 
CyanophyoecB.    221,    Ol* 

321. 
Cyathea,  890,  406. 
()yatheaoen,  879, 881, 391, 

406. 
Cyathodium.  888. 
Cyathns,    813,   818  (Fig. 

224). 
Cyeadacen,  468,  480. 
Cycas,  465,  480,  481  (Fig. 

308). 
Cyclamen,  668. 
Cyclanthera,  627. 
Cyolanthaoee,  588,  542. 
Cydonia,  634. 
Cymodooea,  568. 
Cymodoeen,  558. 
Cynara,  664. 
Cynaree,  664. 
Cynodon,  649. 
C^noglossam,  660. 
Cynomorinm,  690. 
Cyperacen,  612,  688, 660. 
Cypems,  651. 
Cyphella,  816. 
Cypress,  486. 
Cypripedium,604,664  (Fig. 

869),  665  (Fig.  872). 
Cypripediina,  666. 
Cystopteris,  391,  406. 
Cystopus.  299. 
Cystoseira,  266. 
Cytinacen.  678,  689. 
Cytinen.  689. 
Cytinus,  689. 
CytisuB,  636,  777. 

Daboeoia,  656. 
Dacrydium,  466.  487. 
Daoryomyoes,  818,  815. 
Dacryomyoetes,  812, 316. 
Daoryomitra,  816. 
Dactylis,  549. 
Daadalea.  816. 
Daffodil.  568. 
Dahlia,  664. 
Daisy,  663 
Dalbergiea,  637. 
Daltonia.  871. 
Damasoniam.  668. 
Dame*8  Violet,  604. 
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Dannnara.  465,  498. 
Damson,  633. 
Danaa,  383. 
Dandelion,  665. 
Banewort,  659. 
Daphne,5i4,620(Fig.428). 
Darlingtonia,  607. 
Darnel,  549. 
Dasya,  267, 268  (Fig.  198), 

272. 
DasydadesB,  240. 
DasycladuB,  240. 
Dasylirion,  558. 
Date,  534  (Fig.  845). 
Date  Palm.  548. 
Datnra.  509,  648,  649. 
DatareaB,  649. 
Dauoint-e,  626. 
DancQB,  625.  626. 
DavalUa,  389  (Fig.  257), 

390,405. 
Dairallies,  405. 
Deadly  Kightahade,  649. 
Dead  Kettle,  648. 
Delesseria,  272. 
Delesseriaoee,  272. 
Delphinium,  496, 518  (Fig. 

828),  593. 
Dendxobinm,  567. 
Dendroceros,  352. 
Dentaria,  604. 
Derbeaia,  288. 
Derbesiea.  240. 
Deamarestia,     224    (Fig. 

160),  257. 
Desmarestien,  257,  259. 
Deamidiea,  244. 
Deamida,  245. 
Decimodiam,  637. 
DesyaaxiaceaB,  552. 
Deatzia,  639. 
Dewberry,  634. 
Diaealpe.  391. 
Diandra,  566. 
Diantbna,  515  (Fig.  830), 

599. 
Diapenaia,  656. 
Diapenaiaoea.  575,  656. 
Diarrbena,  547. 
Diatomaoea,  257,  258. 
Diatrype,  302. 
Dioentra,  508,  602   (Fig. 

405). 
Dieksonia,  390,  405. 
Diootyledonea,    462,  533, 

570. 
Dieranaoea,  370. 
Dieranella,  870. 
Dieranom.  370. 
DieUmnus,  510,  614  (Fig. 

415). 


Dictyonema,  320,  321. 
Diotyopteris,  262. 
Diotyosiphon,  257. 
Dictyosiphonea,  257,  259. 
Diotyospharia,  242. 
Diotyosphariam.  236. 
DietyoBteliaoea,  285. 
Dictyota.  262. 
Dicfcyotaoea,  257,  262. 
Dictyaohna,  294. 
Didymium,  284  (Fig.  198). 
Diervilla,  660. 
Digitalia,  644. 
DlKitaria.  547. 
Dionaa,  608. 
Dioon,  481. 
Diosooreaoea,    538,   588, 

560. 
Dioacorea,  560. 
DioBcoreales,  538,  560. 
Diosmea,  614. 
Diospyroa,  658. 
Diotia,  664. 
Dipholia,  496. 
Dipladenia,  526,  651. 
Diplocolobea,  604. 
Diplomitriea,  348,  351. 
Diplotaxis,  605. 
Dipsaeea,  575,  661. 
Dipsaoos,  494,  661. 
Dipteriz,  637. 
Dipterooarpao^a.  573, 609. 
Disciflora,  574.  612. 
Discoliohenea,  320. 
DiBoomycetea,  302. 
DiscoBporanginm,  257. 
DiBsodon,  370. 
Diaris,  563. 
Dock,  598. 
Dodder,  647. 
Dog*B  Mercury,  622. 
Dog's-tooth  Qraas,  549. 
Dog*ii.tooth  Tiolet,  556. 
Dog-Violet,  607. 
Doronioam,  663. 
Dothideacea,  301. 
D  mm  Palm,  543. 
Draba,603(Fig.407),605. 
DracunoalaB,  541. 
Dracana,  535,  558. 
Dracanoidea.  558. 
Dragon's  Tree,  558. 
Draparnaldia,  247. 
Dropwort.  632. 
Drosera,  608. 
Droseraoea,  573,  608. 
Drosophyllum,  608. 
Dryas,  634. 
Dryobalauops,  609. 
Dry  Rot,  316. 
Duck- weed.  541. 


Dudresnaya,  271,  272. 
Dnmontia,  272. 
Diimoutiacea.  272. 
Damortiera,  337,  348. 
Durra,  548. 
Duvalia,  337,  842. 
Dwarf  Rider.  659. 
Dwarf  Wheat,  550. 
Dyers  Weed.  606. 

Earth-almond,  637. 
Ebenaeea,  575,  653. 
Ehenales.  575,  653. 
Ebouy,  653. 
Eccremocarpna,  646. 
Eoheveria,  640. 
EchinocaetoB,  629. 
Echinodoa,  547. 
Echinophora,  626. 
Echinopd,  664. 
EchinopBiB,  629. 
Echiam,  496,  511,  650. 
Eotooarpaoea,  257,  259. 
Ectocarpea,  257. 
EctooarpuB,  257,  259,  261 

(Fig.  187). 
Eglantine,  632. 
Ehretoidea,  650. 
Eichhomia.  559. 
Elachista,  257. 
Elachistea,  257. 
Elaagnaeea.  574,  620. 
Elaagnus,  620  (Fig.  424). 
ElaiB,  544. 
Elaphomyoea,  301. 
Elaphoglosanm,  405. 
Elatereaa,  351. 
Elatinncea,  578,  609. 
Elatine.  609. 
Elder,  659. 
Elecampane,  664. 
Eletteria  562.  I 

Elm,  579. 
Elodea,  493,  560. 
Elateria,  621. 
El.vmas,  550. 
Elyna,  552. 
Emericelia,  820. 
EmpetrHceaBf  574,  628. 
Empetram,  515,  623. 
Kmpleurnm,  614. 
EncMlypta,  870. 
Enoalyptaoea,  370. 
Enoephalartos,  464,  481. 
Enchanter*B   Nightshade, 

630. 
Enctieliacea,  257,  259. 
Endive,  665. 
Endocarpon,  320,  821. 
Enlophyliea,  306. 
Endophyllam,  807. 
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Endo8i>h8Bra,  236. 
EndospuF'  ea,  285. 
EngliHh  Wheat,  550. 
Enteromorpba,  246. 
£DtoniopUthoraoe»i    285, 

289. 
Entyloma,  308. 
Epaoridaces,  575,  655. 
Ephebe,  320,  321. 
Ephedra,  463,  471,  488. 
EphemeraceflB,  368. 
Ephemerum,  330,  854.  365 

(Fw.  249),   368  (Fig. 

250). 
Epicliloe,  301. 
Epilobinm  507,  521  (Fig. 

334),  629  (Fis.  429). 
Epimediuiu,  497,  595. 
Epipactis,  457  (Fig.  291), 

566. 
Epipogium,  563.  566. 
EquiBetaceaB,  379, 380, 416. 
Equisetinas,  217,  372,  379, 

416. 
Equi8etum,391  (Fig.  259), 

4!6(Fig.271),4l7(Fig. 

272),  419  (Fix.  273). 
Eranthis,  526,  593. 
Eremascns,  297  (Fig.  206), 

300. 
Eremocarpns,  621. 
EremosphsBra,  236. 
Eremnras.  558. 
Ergot,  295  302. 
Erica,  517  655  (Fig.  455). 
Ericaceea.  503,  520,   575, 

655. 
Erioules,  575,  654. 
EriooideflB.  655. 
Erigeron,  663. 
Eriobotrya,  635. 
Eriocaulon,  552. 
EriocaulonacesB  538,552. 
Eriogonum,  597. 
Eriophorum.  551. 
Erodiam,  612. 
Erophila,  605. 
Eryngiuin,  625. 
Eryrtimiim,  604. 
ErysipheaB,  276,  294,  299 

(Fig.  209),  301. 
Erythrasa,  650  (Fig.  451). 
Erythrouium,  556. 
Erythrotrichia,  272. 
EryfchroxylacesB,  574,  613. 
Erythroxylon,  613. 
Escallonia,  640. 
EscliBOlioltzia,  601. 
Euastram,  244  (Fig.  174). 
Eucallitriche,  623. 
Eucalyptus,  631. 


Eucharis,  508. 
Eauhrysomyxa.  306. 
Enchylium,  321. 
Eucoieosporinm,  306. 
Eudavallia.  405. 
Eudorina,  237. 
EadorinefB,  237. 
Eugenia,  631. 
Eumycetozoa,  285. 
Euonymus,  618. 
Eupatorieaa,  663. 
Eupatorium,  663. 
Euphorbia,  515,  621  (Fig. 

425). 
Euphorbiacea,  493,   570, 

574,  621. 
EuphorbiesB,  492,  621. 
EuphorbialeB,  574,  620. 
Euphrasia,  645. 
Eupodium,  383. 
Eurhynchinm,  371. 
Euriccia,  342. 
Enrotiam,  295,  301  (Fig. 

211). 
Ensagus,  543. 
Eusporaugiute,  879,  381. 
Euslrobus,  485. 
EutHUga,  4')4. 
Evening  Prim  03e,  629. 
Everuia,  321. 
Exidia,  313.  315. 
Exoascus,  300. 
Exobasidinm.  318,  816. 
ExosporesB,  285. 
Eyebright,  645. 

Fabronia.  371. 
FabroniacesB,  371. 
FagaoesB,  573,  582. 
Fagopyrum.  598. 
FagrsBa,  6ri. 
Fa^UH,  583. 
Falfte  Oatgrass,  549. 
Fatsia,  626. 
Feather-grass,  548. 
Fefratella,  337,  343. 
Fenugreek,  636. 
Ferns.  376.  378,  381. 
Fern-Royal.  406. 
Fescue-grass,  549. 
Festuca,  547,  549. 
FestucesB,  549. 
Fetid  Yew,  487. 
Feuillea,  515,  516. 
FicoidesB,  600. 
Ficus,  578  (Fig.  379). 
Field  Poppy,  601. 
Fig,  578. 
FiKwort.  645. 
Filago,  664- 
Filices,  380,  388. 


Filicine,  217, 372 .  378,88L 
FilicinsB    Eusporangiatse, 

379,  381. 
FilioinsB     Leptosporangi- 

atsB,  379.  381,  388. 
Fimbriaria,  336,  342. 
Fir,  481. 

Fissidens,  855,  870. 
FissidentacesB,  370. 
Fistulina,  818. 
Fitzroya,  486. 
Flag,  569. 
Flax,  613. 
Flax  Dodder,  647. 
Fleabane,  664. 
FloridesB,  272. 
Flowering  Bush,  555. 
Fly  Orchis,  666. 
FGeniculum,624(Fig.  426), 

625. 
FontinalacesB,  871. 
Fontinalis,  355,  369  (Fig. 

252),  371. 
Foors-Parsley,  626. 
Forget-me-not,  650. 
Forsteronia,  5i6. 
Forsythia,  652. 
Fossombronia,  848,  851. 
Fonqniera,  609. 
Fourcroya,  568. 
Foxglove,  644. 
Foxtail-grass,  548. 
Pragaria,  634. 
Francoa,  507. 
Frankenia,  609. 
FrankeniacesB,  609. 
Frankinoenne-tree,  485. 
Fraxineas,  65  i. 
Fraxinus,  652  (Fig.  463). 
Freesia,  569. 
French  Bean,  637. 
Freycinetia,  541. 
Fritilkria,  556. 
Frog^s  Bit,  560. 
Frollania,  843,   846  (Fig. 

245),d52. 
Fucacee,  257,  266. 
Fuchsia,    507,    508   (Fig. 

323),  629  (Fig.  429). 
Faous,  268  (Fig.  188),  264 

(Figs.  189,  190. 191). 
Fnligo,  285. 
Fumaria,  511,  601. 
Fomariaoee,  511, 618, 673, 

601. 
Fumitoiy,  602. 
Funaria,   825   (Fig.   282), 

326    (Fig.   233),    328 

(Figs.  236,  287),  869 

(Fig.  251).   870  (Fig. 

253). 
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Fnnariaceffi,  370. 
FuDgi,  217,  220.  273. 
Fuaicularia,  3  \2. 
FurcelUria,  272. 
Furze,  636. 

Ga«ea.  497,  668. 
Gaillardia,  664. 
Galactodeij droll,  678. 
Galanthus.  493,  567. 
Galax.  6o6. 
Galegegp,  6:^6. 
Galeopsin,  64:^. 
Galiu^ale,  551. 
Galinsogn.  664. 
Galium,  658. 
Galtonia,  556. 
Gamopetalce,  576,  641. 
Garlic.  55S. 
Gasteria,  558. 
Gaateroliohenes,  820. 
GasteromycetKS,  812,  317. 
Gaultheriu,  656. 
Gean,  633. 
Geaster,  318. 
Geissorhiza,  669. 
GelidiacefB,  270,  272. 
Geli.Jium,  272. 
jelaemium,  651. 
Genista,  636. 
Oeuisteas,  636. 
Gentian,  650. 
Gentiana,  609  (Fig.  824), 

650. 
Gentianaoes,     608,    676, 

650. 
Gentiaoales,  576,  660. 
GentianefB,  650. 
Geooalyceffi,  348,  362. 
Geocalyz.  348. 
Georgia,  370. 
Georgiac^as,  367,  870. 
Geraniaceas,  503,  674,  612. 
Geraniales,  674,  612. 
Gesneraceas,  526, 575, 646. 
Geum,  495,  634. 
Geranium,  492,  612  (Fig. 

414). 
Gigartina,  272. 
GigartinacesB.  270,  272. 
GigartininflB,  272. 
Gilia,  648. 
Ginger,  562. 
Ginkgo,  449  (Fig  290),  463. 

471,  482,  487. 
Githago,  599. 
Giraudia,  257,  259. 
Gladiolus,  510,  5(>9. 
Gladioleae,  569. 
Glass- Wort,  587. 
Glaaciam,  601. 


Glanz,  504,  663. 
GleditHchia,  637. 
Gleichenia,  405. 
GleioheniacesB,    379,   390, 

405. 
Globba,  662. 
GlobbesB,  662. 
Globe-flower,  693. 
Globe-Tbistle,  664. 
Globnlaria,  643. 
GlobulariaceiB  676,  643. 
Glceocapsa,  232  iFig.  163). 
Glceosiphonia,  268,  272. 
GloBosiphoniaceaB,  272. 
Gloriosa,  557. 
Gloxinia,  512,  646. 
Glumales,  637,  638.  546. 
Glumiflorae,  638,  545. 
Glyceria,  649. 
Glycine.  637. 
Glycyrrbiza,  636. 
Glyptostrobus,  463,  486. 
Gnaphaliam.  664. 
Gnetaces,  463,  480,  488. 
Gnetum,  463,  488. 
Gnidia,  620. 
Goafs-beard.  665. 
Golden  Bod,  663. 
Gold-of-pleasure,  606. 
Gonatonema,  246. 
(ionium,  237. 
Goodyera,  667. 
Gooseberry.  640. 
Gk)ose-foot,  587* 
Gorse,  636. 
Gossypium.  612. 
Gout-Weed,  626. 
Gracilaria,  272. 
Graminaceie,     612,     638, 

645. 
GranatesB,  632. 
Graodinia,  316. 
Grape-Hyaointh,  666. 
Grape-Vine,  619. 
GraphideiB,  322  (Fig.  231). 
Graphis,    820,   323    (Fig. 

231). 
Grasses,  645. 
Grass  of  Pamasans,  639. 
Grass- Wrack,  553. 
Grateloupia,  268,  272. 
GratelonpiaceiB,  272. 
Gratiola,  644. 
Great  Burnet.  633. 
Green- weed,  636. 
Grevillea,  586. 
Griffitbsia,  272. 
Grimaldia,  337,  342. 
Grimmia,  370. 
Grimmiacead.  370. 
Gromwell,  650. 


Ground  Ivy,  643. 
Ground-nut,  637. 
Groundsel,  663. 
Grubbia.  519. 
Gnaiacum,  614. 
Guarea,  615. 
Guelder  Bose,  659. 
Guepinia,  315. 
Gunuera,  630. 
Gutta-percha.  653. 
Guiti/eraB,  609. 
Guttiferales.  573.  608. 
Guttulineffi,  285. 
Gymnadeuia,    565     (Fig. 

371). 
GymuadenieaB,  />66. 
GymnoasceaB,  300. 
Gymnoascu^,  294.  300. 
Gymnogramme,  395. 
GymnogrongruB,  272. 
Gymnomitrieaa,  352. 
Gymnomitrium,  352. 
GymnospermflB,  217,  463. 
Gymnosporan^ium,  307. 
Gymnostomum,  369,  370. 
Gynandropsis,  495. 
Gynerinm,  549. 
Gyrocepbalus.  315. 
Gyromitra,  303. 
Gyrophora,  322. 

Habenaria,  566. 
HaBmadoraceffl.  504, 
HflBmanthus,  493. 
Hsematoooccus,  237. 
HfBnaakoxylon.  637. 
Hair-grass,  649. 
Halarachnion,  268. 
Halesia,  653. 
Ualidrys,  266. 
HaUmeda,  238,  240. 
Halophila,  493,  504,  620, 

560. 
Halopbiles,  660. 
HaloraKidaceas,  574,  630. 
UalospbaBra,  236. 
Halymenia.  263^  272. 
HamamelidaceaB.  574, 641. 
Hamamelis,  508,  641. 
HaplomitrieaB,  351. 
Haplomithum,    333,  344, 

361. 
HaploHpora,  262. 
Hard  Fern,  405. 
Hard  Wheat.  550. 
Hare-bell.  657. 
Hart's-tongue  Fern,  406. 
Havers,  549. 
Hawk*s-beard,  665. 
Hawkbit,  665. 
Hawkweed,  666. 
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Hawthorn,  634. 
HazHl,  681. 
Heart'B-ease,  606. 
Heather,  655. 
Hedera,  626. 
Hedge-Mustard,  604. 
Hedwigiuin,  370. 
HedjchieiB,  662. 
Hedyobium,     562      (Fig. 

367). 
Hedyparesa,  636 
Helenioideas.  664. 
Heleniam,  664. 
Heliamphora,  607. 
Heliunthemum,  606. 
Helianthoideas,  664. 
Helianthns,  664. 
HeliooQia,  562. 
Heliconies,  561. 
Heliotropium,  650. 
HelleboreaB,  593. 
Helleborines,  566. 
Helleboras,  593  (Fig.  397). 
Helminthocladiaceie,  267, 

272. 
Helminthorik,  272 
Helminthostaohys,  881. 
HelveUa.  303. 
HelveliaoeflB,  303. 
Hemerocallis,  492,  558. 
Hemitelia.  391,  405. 
Hemlock,  626. 
Hemlook  Fir,  484. 
Hemp,  578. 
Hemp  Agrimony,  663. 
Hemp-Nettle,  648. 
Hemp- tree,  643. 
Henbane,  649. 
HepaticaB,  217, 324, 838. 
Heppia,  321. 
Heracleum,  510  (Fig.  826), 

626  (Fig.  426). 
Herb  Cliristopher,  593. 
Herb  Paris,  559. 
Herb  Robert,  B12. 
Herminium,  566. 
Hemiaria,  600. 
Hesp«'ri8,  604. 
Heteropuocinia,  806. 
Heteruromyces,  806. 
Henchera,  639. 
Hexapogon  569. 
Hibiscen,  532,  611. 
HibiscQii,  611. 
Bickory,  584. 
Hieraciiim,  665. 
Hilden brand tia,  272. 
Himanthalia,84,266  (Fig. 

192). 
Hippocrepis,  637. 
Hippophae,  515,  620. 


Hippiiris,  630  (Fig.  480). 
Hirtelliuse.  635. 
Holcas,  549. 
Holly,  619. 
Holly  Fern,  406. 
HoUyhock,  612. 
Holosteum,  599. 
Hone8ty,  605. 
Honey  .grass,  549. 
Honeysuckle,  660. 
Hookeria,  871. 
HookeriaceflB.  371. 
Hooped- Petticoat  Daffodil, 

568. 
Hop.  578  (Fig.  880). 
Hordeas,  549. 
Hordeum,  550. 
Horehound,  64$. 
Hormidium,  247. 
Elormotila.  236. 
Hornbeam,  815,  582. 
Horned  Pondweed,  558. 
Horned  Poppy,  60  L. 
Horse  Chestnut.  616. 
Horse-radish.  605. 
Horse-shoe  Vetch,  687. 
Horse-tail,  416. 
Hoteia,  639. 
Hottooia,  1)54. 
Hoand's-tongne,  650. 
House-leek,  640. 
Houttuynia,  576. 
Hoya,  652. 

Humulos,  578  (Fig.  380). 
Flura,  621. 
Hutchinsift,  r05. 
Hyacinth,  556  (Fig.  862). 
Hyaointhns,  556. 
Hydnanj^ium,  817. 
Hydneaa,  812,  816. 
Hydnora,  589. 
Hydnore 8S.  589. 
Hydnum,  816  (Fig.  221). 
Hydral^s,  538,  560. 
Hydrangea,  639. 
Hydrangess,  639. 
HydrilleiB,  560. 
Hydrocharidacee,493,538 

5»>0. 
Hydrochoris.  560. 
Hydrocleis,  555. 
Hydrocotyle,  625. 
Hydrocotyles.  625. 
Hydrodictyacee.  238,  242. 
Hydrodictyon,  242. 
Hydropterides,  875,  379, 

880,  406. 
Hydrurus,  257. 
H.ylocomiuin,  371. 
Hymenogaster,  318,  817. 
HymenogastreiB,  317. 


Hymenolepls,  393. 
Hymeiolichenes,  320. 
Hymenomycetes,  312,815. 
HymeooplivliaoesB,    379, 

381,390.404. 
HymeuopUyllum,  390,404. 
Hymenophyton,  351. 
Hymenostomum,  8n9  870. 
Hyoscyamiis.  509,  649. 
Hypecoam,  601. 
Hypenantron,  342. 
HyperioaceaB,     518,    578, 

608. 
Hypericum,  608  (Fig.  411). 
Hyphffine,  543. 
Hypnaceia,  371. 
Hypnea,  272. 
Hypnnm,  359,  871. 
HypoohflBris,  ti65. 
Hypochnus,  8 16. 
Hypochy  tries.  286. 
Hypooreaeee,  801. 
Hypoxidoidee,  568. 
Hypozylon,  801. 
H>s8op,  648. 
Hvssopus.  648. 
HysterHngiam,  817. 
Hysteriom,  278. 

Iberis,  605. 

Iceland  Moss,  8*22. 

[lex,  50),  619. 

lUeoebraoeiB,  600. 

Illecebrum.  fOO. 

IllioiesB,  594. 

Illicium,  529  (Fig.    840), 

584. 
Impatiens,  510, 614. 
Imperatoria,  626. 
Indian  Cress,  614. 
Indigo,  63B. 
Indigofera,  686. 
Inula,  664. 
Inuloideis,  664. 
[pecaohuana  659. 
Iridaoea,  492,  501,    538, 

5«8. 
rridinsB,  569. 
Iridioidea  569. 
Iriiiesa.  272. 
Iris,  568  (Fig.  373). 
Irish  Heath,  655. 
IsatidefB.  605. 
loatis,  603  {Fig.  407),  605. 
[8nardia,  506,  630. 
UoetacesB.  379,  380.  384. 
Isoetes.    373,    885    (Fig. 

256. 
Fsonandra,  504.  658. 
IthyphalluB,  819. 
Ivy,  626. 
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Izia,  569. 
IxiesB,  569. 
Ixioideas,  569. 

Jacob's  Ladder,  64S. 
Jalap,  588. 

Jainbosa,  631  (Fig.  432). 
Jasione,  657. 
Jasmiiieie,  652. 
Jasmitium,  506  (Fig.  320), 

653. 
Jatropba,  621. 
Jerusalem  Artichoke,  664. 
Jointed  Pipewort,  55*2. 
Jonquil,  568. 
JaboleiB,  350,  352. 
Jadas-tree,  637. 
Jnolandaces,  573, 584.  ^ 
JaglaR«r'5I5,  584    (Fig. 

389). 
JuncaceaB,  492,  538,  559. 
JancaginacesB,    520,    538, 

554. 
Jnncus,  559. 
June  Berry,  636. 
Jungermannia,  352. 
JangermanniacesB,    325, 

336,  343. 
JungermanniefB,  352. 
Juniper,  486. 
Juniperins,  486. 
Junip<»ra8,  464,  477  (Fig. 

303),  4^6  (Fig.  307). 
Jnsticia,  646. 
Jute,  610. 

Ealmia,  655. 
KaulfuRsia.  383. 
Kauri  Gum-tree,  488. 
Eerrii,  632. 
Kidney  Vetch,  636. 
Knapweed.  664. 
Knautia,  661. 
Knawel,  600. 
Kniphofia,  558. 
Knot-grass,  593. 
Kobresia,  552. 
Koeleria,  549. 
Kosnigia,  698. 
Kohl-rabi,  604. 

LabiatiflorflB,  664. 
Labiatffi.  5iO,   518,    575, 

642. 
Lachenalia,  556. 
Laotarius,  274,  317. 
Lactuca,  665. 
Ladies'  Fingers,  636. 
Lady  Fern,  405. 
Lady's  Mantle,  033. 
Lady 'a  Slipper,  566. 


Lady's  Tresses,  567. 
Lagenidium,  290. 
Laiiib*8-lettuce,  661. 
Lamb's  Succory,  665. 
Lamiales,  575,  641. 
Laminaria,      223      (Fig. 

159),  257. 
Laminariacen  257,  259. 
Lamiam,  642   (Fig.   443), 

643. 
Lamprothamnns,  255. 
Landolpbia.  651. 
Lapageria,  559. 
Lapeyrousia,  569. 
Lapsana,  665. 
Larch,  484. 
Lardizali»eiB,  595. 
hmt,  463.  484. 
Larkspur,  593. 
Lasio  ideas,  540. 
Lastrapa,  405. 
LathrsBa,  646. 
Lathyrus,  637. 
Latineptea,  605. 
Laudatea,  320. 
LauraceflB,  519,  573,  596. 
Lanrencia,  272. 
Lauroce'rusus,  633. 
Laurustinus,  659. 
LauruB,  596  (Fig.  400). 
Lavandula,  642. 
Lavatera,  502. 
Lavender,  642. 
Lecanora,  322. 
Lecanoree,  322. 
Lecidea,  320,  322. 
LecideacesB,  322. 
LecythidacesB,  631. 
LecythideflB,  631. 
Leek,  558. 
Leersia,  548. 

LegnminossB,  506, 574, 635. 
Lejeunia,  344, 352. 
Lemanea,  268,  271,  272. 
LemaueacesB,  267,  272. 
Lemua,  541  (Fig.  350). 
Lemuaceas,  537,  538,  541. 
Lemon,  615. 
Lempholemma,  321. 
LeniioacesB,  656.  < 

Lens.  637. 
Lentibulariaces,  575,  644 

(Fig.  444),  647. 
Lentil,  637. 
Lenzites,  313,  317. 
Leontodon,  665. 
Leonnrus,  643. 
Lepidineas,  605. 
Lepidium.  605. 
Lepidocaryins,  543. 
Lepidozia,  344,  352. 


Lepigonum,  599. 
Lepiota,  312,  317. 
Leptodon,  371. 
Leptogium,  321. 
Leptogonum,  593. 
Leptoiegnia,  293. 
Leptophyllis,  272. 
Leptopuocinia,  307. 
Leptospermeae,  631. 
LeptosporaugiataB,    879, 

381,  388. 
LeptothricbieaB,  282. 
Leptotlirix,  281,  282. 
Leptonromyces,  307. 
Leskea,  371. 
Lesser  Celandine,  593. 
Lesser  Dudder,  647. 
Lettuce,  665. 
Leuce,  585. 
Leucobryaceed,  370. 
Leuoobryum,  367,  370. 
LeuoodoD,  371. 
Leucojum,  493,  567. 
Leuconostoc,  282. 
Leucostegia,  405. 
Lewisia,  600. 

Leycesteria,  659  (Fig.  460). 
Libertia,  569. 
Libocedrus,  486. 
Lichenes,  273.  319. 
Liohina,  320,  321. 
Lignum  Yitie.  614. 
LigulitlorsB,  665. 
Ligustioum,  625. 
Ligustrum,  652. 
Lilac,  652. 
Lilasa,  554. 
Liliaceaa,  538,  556. 
Liliales,  538,  556. 
LilioidefB,  556. 
Lilium,  505  (Fig.  319),  508 

(Fig.  322),   517   (Fig. 

331),    523    (Fig.  367) 

556. 
Lily,  499  (Fig.  313),  556. 
Lily  of  the  VaUey,  558. 
Lime,  615. 
Lime-tree,  610. 
Limnantbemum,  651. 
Limnocharis,  555. 
Limosella,  644. 
Liuaceas,  496,  574,  613. 
Linnria,  511,  614. 
Lmg,  655. 
LinnaBa,  660. 
Linum,  613. 
Liparidinas,  567. 
Liparis,  563.  667. 
Liquidambar,  641. 
Liriodendron,  591. 
Listera,  567. 
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Litbodcnrma,  262. 
Lithopbyllum,  272. 
Lithospermum,  6oO. 
Lithothamnion,  272. 
Litorella,  646. 
Liverworts,  824,332. 
Lloydia,  556. 
Lobelia,    511,   657    (Figs. 

457,  458). 
LobeliacesB,  575,  657. 
LoganiaceaB,  575,  651. 
Loieelearia.  655. 
Lolium,  549. 
Lomaria,  405. 
Lombardy  Poplar,  586. 
LomentacesB.  605. 
Lomentaria.  272. 
Lonicera,  659  {Fig.  461). 
LoniceresB,  6^0. 
Loosestrife,  630. 
Lnphocolea   343,  352. 
Lophopbytnm,  590. 
Loquat,  635. 

Lorauthace8B,523,673,589. 
Lorantbus,  590. 
Lords  and  Ladies,  541. 
Lote89,  636. 

Lotus,  594,  635  (Fig.  435). 
Loasewort,  645. 
Lucerne,  636. 
Lucnma,  504. 
Lunaria,  605. 
Lung-wort,  650 
Lunalaria,  337,  34S. 
Liipinus,  636. 
Luziola,  547. 
Luzula,  559. 
LuzariagoidesB,  559. 
Lychnis,    494,    503,    599 

(Fig.  103). 
Lycium,  649. 
Lyciiothtimiius,  255. 
LycoperdesB,  318. 
Lycoperdou,    318    (Fig. 

2J4). 
Lycopersicum,  649. 
LycopodiaceflB,   874,    880, 

421. 
Lycopodina,  217, 372, 379, 

421. 
Lycopodiuni.421  (Fig.274), 

422    (Fig.    275),    423 

(Fig.  276). 
LycopHis,  650. 
Lycopus,  642. 
Lygodium,  389,  390,  406. 
Lyme-grass,  550. 
Lysimacliia,  653. 
Lythr»ice8B.  574,  630. 
Ly thrum,  630. 
Mace,  597. 


Madura,  678. 
Macrocystis,  262. 
Mncrozamia,  481. 
Madder,  658. 
Madotbeca.  350,  352. 
Magnolia,  496,  594. 
Magnoliaces,  573, 598. 
MagnoliesB,  594. 
Mahogany,  615. 
Mahonia,  509,  595. 
Maianthemum,  558,  559. 
Maiden-hair  Fern,  405. 
Maiden-hair  Tree,  487. 
Maize,  5 17. 
Malaxis  567. 
Male  Fern,  405. 
Mallow,  611. 
M>ilopeflB,  532,  611.        ^ 
Malpighiacee,  509. 
Mai  us,  634. 
Malva,  611  (Fig.  418). 
MalvacesB,  520,  573,  611. 
Malvales.  578, 609. 
Malveas,  582. 
Mamiliaria,  629. 
Mandarin  Orange,  615. 
Manglesia,  586  (Fig.  891). 
Mangold,  587. 
Mangrove,  632. 
Manihot,  €22 
Manna-ash,  652. 
Man  Orchis,  566. 
Maple,  571  (Fig.  875),  616. 
Maranta,  563. 
MarantacesB,  533, 688, 562. 
MarasmiuB,  317. 
Mfirattia,  883. 
MarattiacesB,  874,879,880, 

381,  383. 
Marcbantia,326  (Fig.  234), 

327   (Fig.    235),    335 

(Fig.  289),   337  (Fig. 

210),  339  (Fig.  241), 

843. 
MarcbantiaceiB,  829,  884, 

886,  341. 
Marchantiea,  836,  842. 
Mare's  tail,  630. 
Mariposa  Lily,  556. 
Marjoram,  642. 
Marrubium,  648. 
Marsh  Andromeda,  655. 
Marsh  Cinqaefoil,  634. 
Marsh-mallow,  612. 
Marsh-marigold,  593. 
Marsh-fampbire,  587. 
Marsilea,  409  (Pig.  269). 
MarsileaoesB,  379, 381,  415. 
Marsupella,  352. 
Marvel  of  Pern,  588. 
Massaria,  302. 


Mastigobrynm,  844, 852. 
Miit  grass,  550. 
Matricaria,  664. 
Mattbiola,  604. 
Manrandia,  644. 
Manritia,  543. 
May,  634. 
Mii>deaB,  547. 
Meadow-grass,  519. 
Meadow-rue,  5^)1. 
Meadow  Saffron,  558. 
Meadow-sweet,  632. 
MecoQopsis,  601. 
Medicago,  636. 
Medlar,  634. 
Meesia,  859,  370. 
Melaleuca,  631. 
MeUrnpsora,    806      (Fig. 

216). 
Melamp,vrum,  616. 
Melaiiogaster,  317. 
Melanospora,  276  301. 
MelatitliioidesB,  556. 
Metia,  615. 
Meliaceffi,  574,  615. 
Melica,  545,  549. 
Melic-grass,  549. 
Melilotus.  636. 
Meli8^a,  643. 
Melis^iueffi,  643. 
Melittis,  643. 
Melobesia.  267,  272. 
Melon,  628. 
Metii»'pprmaceaB,  502,  516, 

573,  695  (Fig.  399). 
Menispermales,  578,  594. 
Menispermum,  6do, 
Mentha,  642. 
MeiitboideflB,  612. 
Meoyantbeaa,  651. 
Menyantbes,  509  (Fig.324), 

651. 
Mercurialis,  515,  622. 
Menziesia,  655. 
Mertensia,  650. 
Merulius,  316. 
Mesembryantbemam,  600. 
Mesooarpeffi  246. 
Mesoglcea.  257. 
viesoRloeee,  257. 
Mespilus,  634. 
Metrosideros,  631. 
Metroxylon,  543. 
Metzgeria,  844  (Fig.  243), 

851. 
MetzgeriesB,  851. 
Meum,  625. 
Micbanxia.  498, 657. 
Miorocaobrys,  487, 
Microcycas,  481. 
MicroBpongium,  257. 
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Miero<pora,  247. 
Microtea,  587. 
Microthauinion.  247. 
Mignonette,  606. 
MiKleeUa,  368. 
Mildew,  294.  SOL 
MUfoU,  664. 
Miliom,  548. 
Milkwort.  617. 
Milla,  558. 
Millet,  547. 
Millet-gra«>B,  518. 
Millet-seed,  548. 
Mimosa,  506   (Fig.  321), 

638. 
MimosefB,  637. 
lifimalus,  644. 

Mimasops,  496. 

Mint.  642. 

MirabUis,  509,  588. 

Miscbococoas,  236. 

Mistletoe,  590. 

Hniace».  370. 

Mnium,  370. 

Hook  Orange,  639. 

Moenehia,  599. 

Mohfia,    891    (Fig.  259), 
406. 

Moliuia,  549. 

Monadineaa,  285. 

Monandrie,  566. 

MonardesB,  643. 

Monk's  hood,  593. 

Monoblepharis,  275,  292. 

MonochlaniydeaB,573, 575. 

Monoclea.  348. 

Monoootyledones,  217, 462, 
533. 

Monogramme,  401. 

MoDOspora,  267,  272. 

MoDoatroma,  248. 

Monotropa,  570,  656. 

MonotropeflB.  656 

Monstera,  533,  540. 

MonsteroidefB.  540. 

Montbretia,  569. 

Montia,  600. 

Moon-wort,  383. 

Moor-grass  549. 

Moraceae,  573,  577. 

Morchella,  803. 

Morell,  303. 

Morello  Cherry,  633. 

Morkia,  348.  351. 

Mortierella,  289. 

MortierellefB,  289. 

Moms,  502, 577. 

Moschatel.  659. 

Mosses,  324,  333,  354. 

Mother-wort.  643. 

Moogeotia,  246. 


Mould,  273,  294. 
Mountain  Ash,  634. 
Mountain  Avens,  634. 
Mountain  Sorrel,  598. 
Mouse-tail,  592. 
Muoor,   287    (Fig.    199), 

288  (Fig.  200). 
Mncoraceas.  287,  289. 
MucoriuGB  278,  285,  287. 
Mud  wort,  644. 
Muehlenbeckia,  598. 
Mulberry.  577. 
Mullein.  644. 

Musa,  507,  562  (Fig  366). 
Musaoes,  533,  538,  561. 
Muscari.  556 
Musci,2L7,  324,338,  354. 
MuBciuesB.  324. 
MuseaB.  561. 
Mushroom,  310. 
Musk,  614. 
Musk  Orchis,  566. 
Musschia,  657. 
Mustard,  605. 
Mutisia  665. 
MutisiesB,  665. 
Myooch^tridineiB,  286. 
Mjcorhiza,  273. 
Myosotis,  650. 
MyosuruB,  592. 
Myrica,  584. 
Myricaces,  573, 584. 
M>ricaria.  609. 
Myrinia,  371. 
Myrionema,  257,  259. 
MyrionemesB.  257. 
Myriophyllum,  630. 
Myriotrichia,  257. 
MyriotrichefB,  257. 
Mxristics,  696(Fig.  401). 
MyristicacesB,  573,  596. 
Myrrh.  616. 
Mvrrhis,  626. 
MyrsinaceaB,  575,  654. 
Myrtaceaa,  518,  574.  631. 
Myrtales,  574,  629. 
MyrtecB.  631. 
Myrtle,  681. 
Myrtus,  631. 
Mystropetalon.  590. 
MyxochytridiuefB.  286. 
Myzomyoetes,    274,    280, 

2S3. 
Myzocytium,  291. 

Naccaria,  272. 
NaiadacesB,  520,  539,  553. 
NaiadeflB.  553. 
Naias,  489,  526.  553. 
Nandina,  502, 595. 
Nanomitrium,  368. 


Narcissales,  538.  567. 
Narcissus,  493,  568. 
NarUia,  352. 
Nanlus.  550. 
Narthecium,  558. 
Nasturtium,  604,  614. 
Navew,  604. 
Neckera,  371. 
NeckeracefB,  371. 
Nectria,  301. 
Neesiella,  342. 
NelumbieaB,  594. 
Nelumbium.  594. 
Nemitiiou,  269  (Fig.  194), 

272. 
NemalioninaB,  272. 
Nemastoma,  268,  272. 
NemastomacesB,  272. 
Neotinea,  566. 
Neottia,  564,  567. 
Neottiinse.  566. 
NepeuthacfSB,  573,  607. 
Nepenthes,  608. 
Nepeta,  613. 
NepetesB.  643. 
Nephrodium,  389(Fig.257), 

391,  405. 
Nereocystis.  262. 
Nerium,  526.  527,  651. 
New  Zealand  Flax,  558. 
Nicotiana,  514  (Fig.  829), 

649. 
Nidularia.  318. 
NidularieaB.  318. 
NigvUa,  593. 
Nigritella.  563,  566. 
Nipa,  541. 
Nipplewort,  665. 
Nitella,  255. 
NitelleflB,  255. 
Nitophyllum,  272. 
Nopalea,  629. 
Nostoo,    252    (Figs.    164, 

165). 
NostocacesB  233.  321. 
Noteroclada.  351. 
NotochlsBDa,  392. 
NotorhizesB,  601. 
Nothoscordum,  558. 
Notothylas,  352. 
NuoumentaceiB,  605. 
Nupliar,  594. 
Nutmeg,  597. 
Nuz  Vomica,  651. 
NyctnginacefB,    494,    573, 

5H8 
Nyctolis,  313,  317. 
Nymphasa,  524.594. 
Nyiiip-  feacesB,    570,    573t 

594. 
Nymphs  inaB,  594. 
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Oak,  303,  682. 
Oat,  519. 
Oat-grass,  5 '9. 
Ochlandra,  5i7. 
OcimoidesB,  042. 
Oeimnm,  642. 
Octaviana  313,  317. 
Odontia,  316. 
(EdogouiaoefB,  243,  248. 
(Edoffonium,     249     (Fig. 

178). 
(Enanthe,  625. 
(Enothera,  629. 
Oil  Palm,  544. 
Old  Man's  Beard,  591. 
Olea,  508,  652. 
OleacesB.  501,  575,  652. 
OleinesB,  652. 
Olfersia,  405. 
Olibanam,  615. 
Oligoporas,  313. 
Olive,  652. 
Olpidiopsis,  286. 
Olpidiam,  286. 
Omphalaria,  321. 
OnagraoesB,  506,  520,  574, 

629. 
OncidiinsB,  564. 
Oncidium,  567. 
Onoocyolas,  569. 
Onion.  55 S. 
Onobryohis,  637. 
Onoclea,  390,  403. 
Ononis,  636. 
Onopordoa,  664. 
Ouoardium  236. 
Oocystis,  236. 
Oomycetes,  276.  280,  290. 
Opegrapha,  321. 
OperoalatiB.  342. 
Ophioglossaces,  874,  379, 

381. 
Ophioglosmm,  374,  38  L. 
Opbiopogon,  559. 
OphiopogonoidesB,  559. 
OpbrydinsB.  566. 
Opbrys,  666. 
Opantia.  629. 
Oraebe,  587. 
Orange.  6L5. 
OrobidaceflB,  501, 611,  538, 

563. 
Orchidales.  538,  563. 
Origanum,  642. 
Orcbis.    564    (Figs.    370, 

371).  566. 
Ornithogalam,  556. 
Ornitbopteris.  392. 
Orobanchacea.  575,  616. 
Orobanche,  646. 
OrobuB,  637. 


Oroniium,  633,  540. 
Orpine,  640. 
Ortbodada,  547. 
Ortboplocee,  604. 
OrthoBpermesB,  625. 
Orthotriohacee,  370. 
Ortbotriohom,    359,  362^ 

870. 
Oryza,  548. 
Oryzeaa,  548. 
OsoiJlaria.  231  (Fig.  164). 
Osciilariaces  233. 
Osmanthus,  652. 
Osmunda,  388,  394  (Fig. 

261),  406. 
Osmundaces,    870,    381, 

406. 
Ostrya,  582. 
Oavirandra,  554. 
OxaliJacesB,  496,  574,  613. 
Oxalis,  613. 
Ox-eye  Daisy,  664. 
Oxlip,  653. 
Oxyoedrns,  486. 
OxyooccoB,  656. 
Oxymitra,  336,  342. 
Oxyria.  598. 

Paobygone,  595. 
PacbygonesD,  595. 
Padina,  263. 
PaBonia,  521,  593. 
PsBoniefB,  593. 
Paigle,  653. 
Palaqninm,  653. 
Pallavioinia,  351. 
Palm.  543. 
PalmacesB,  538,  542. 
Palmales,  538, 342. 
Falmella,  236. 
Palmodactylon,  236. 
Palmodictyon,  236. 
Palmopbyllum,  236. 
Palmyra,  543. 
Pampas  Grass,  549. 
Pancratium,  568. 
Pandanaces,     515,    538, 

541. 
Pandanus,  541. 
Pandorina,  237  (Fig.  167). 
Pandorines,  237. 
PaniceiB,  547. 
PaniooidesB.  547. 
Panicum,  546  (Fig.  354). 
Pannaria.  321. 
Pansy,  606. 
Panus,  317. 
Papaver,  601. 
PapaveracesB,     501,    573, 

600. 
Papaw,  627. 


Papayacea,  674,  627. 
Paper  Mulberry,  578. 
PapilionesB,  511,  518,  636. 
Papyrus,  551. 
Pariana,  547,  650. 
Parietales,  573,  600. 
Parietaria,  577. 
Paris,  559  (Fig.  364). 
Parlour  Palm,  559. 
Parmelia,  321. 
Pamas-ia,  526,  639  (Fig. 

440). 
PamasbiesB,  639. 
ParnnyohieflB,  512,  600. 
Parrotiat  641. 
Parsley,  626. 
Parsley  Fern,  405. 
Parsnip,  626. 
Passiflora,  627. 
Passifloracee,  674.  627. 
Passiflorales,  574,  626. 
Passion  Flower,  627. 
Pastinaea,  626. 
Patcbouli,  642. 
Patersonia,  569. 
Paulownia,  644. 
Pea,  637. 
Peaoh,  683. 
Pearl-wort,  599. 
Pear-tree,  634. 
Pediastram,  243. 
Pedicularis,  645. 
Pelargonium,  510,  612. 
Pellia,  832, 351. 
Peltigera,  820,  321. 
Peltolepis,  888,  342. 
Pelvetia,  266. 
Penicillium,  278, 296  (Fig, 

203),  801. 
Penny-cress,  605. 
Pentstemon,  644. 
Peony,  693. 

Peperomia,  576  (Fig.  876). 
Peplis,  630. 
Pepper,  576. 
Periploca,  652. 
PerinporiacesB,  301. 
Perisporiee,  301. 
Periwinkle,  651. 
Peronospora,  278,  292. 
PeronosporaoesB,  278,  291. 
Persimmon,  653. 
Personales,  575,  643. 
Pertusaria,  320. 
Peruvian  Lily,  568. 
Petaloiden,  538,  553. 
Petalopbyllum,  343,  817, 

351. 
Petasites,  492,  663. 
Petrocelis,  272. 
Petroselinum,  625. 
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Petunia,  509  (FiR.324),649. 
PeaoedanesB,  626. 
Peucedanam,  626. 
Peyssonnelia,  272. 
Peziza,  299, 803  (Fig.  218). 
Pezizacett,  808  (Fig.  218). 
PhacidieaB,  808. 
Phacotus,  287. 
PhfBOgaiDflB,  257, 262. 
PliSBopbycesB,  221,  255. 
PbaBophila,  248. 
PheosporeflB.  257,  258. 
Pliajiiiie,  564. 
PhalarideaB.  546. 
Pbalaris,  548. 
PhalloideaB.  818,  819. 
Phallus.  819  (Fig.  225). 
Phanerogamia,  217,  481. 
PhascaeeaB,  866. 
Phasonm,  330,  868. 
Phaseoks,  687. 
Pbaseolus,  687. 
Pheasant's  Eye,  592. 
Pheasant's  Eye  Narcissas, 

568. 
Phegopteris,  405. 
Philadelpbeaa.  6h9. 
Pbiladelphus,  506,  689. 
Phillyrea,  652. 
Philodeudroideaa,  540. 
Phlebia,  813. 
Phlemu.  548. 
Phlox.  648. 
FhoBDiz,    534  (Fig.   845), 

548,  544  (Fig.  852). 
Pholiota,  818. 
Phormium,  558. 
PhotiDia,  635. 
Pbragmicoma,  347.  352. 
PhrAKmidiopsis,  307. 
Pbragmidiom,  307. 
Phragmites,  549. 
Phucagrostis,  553. 
Phycochromaces,  221,281. 
Phycomyces,  289. 
Phyeomycetes,  275,   280, 

285. 
PhyllantbesB,  621. 
Phyllanthus.  622. 
PhTlliKciam,  321. 
Ph>imi8.  267,  -262. 
PhyUobium,  236. 
Phyllocaotus,  629. 
PhyUocUidus.  468,  487. 
Phyllodoce,  655. 
Pbyllog  OHsam,  421. 
Phyilophora,  272. 
Phyllosiphoii,  238,  240. 
PhyllopiphoneaB,  240. 
Pbyllospadix,  558. 
Physalis,  649. 
?.  8.B 


Pbyscla,  321. 
Physoomitrella,  868. 
PbyscomitrellaoeiB,  868. 
Physoomitrlam,  870. 
Physoderma,  310. 
PhysosohcBnas,  558. 
Physospermam,  626. 
Pbysostigma.  637. 
Pbysureffi,  567. 
Pbytelephantine,  544. 
Phytelephas,  544. 
Phyteuma,  657. 
Phytolacca,  587  (Fig.  398). 
PbytolacoaoesB,  513,  578, 

587. 
Pbytophthora.  291  (Figs. 

201,  202.  208),  292. 
Phytophysa,  240. 
Picea.  472  (Fig.  298),  473 

(Fig.  299),  476  (Fig. 

301),  484. 
Pioris,  665. 
Pilacre,  315. 
PilaeresB,  812,  316. 
Pilobolns,  289. 
Pilostyles,  589. 
PUolaria.  406,  410,  415. 
Pimpernel,  658. 
Pimpinella.  625. 
Pinaster,  485. 
Pine,  485. 
Pinea,  485. 

Pine-apple,  561  (Fig.  865). 
Pingaioola,  647. 
Pink,  599. 

Pinnolaria,  258  (Fig.  184). 
PinoideaB,  488. 
Pinus.  468  (Fig.  297),  475 

(Fig.  800),  482   (Fig. 

304),  485. 
Piper,  526,  576. 
PiperacesB.  573,  576. 
Piperales,  573,  576. 
PiptooephalideaB,  287. 
Piptooepbalis,  289. 
Pistacia,  618. 
Pistachio-Kernel,  618. 
Pistia,  541. 
Pistillaria.  815. 
PistioidesB,  541. 
PiHum,  637. 
Pithophora,  241. 
Pittosporaceaa,  574, 640. 
Pittosporum,  641. 
Plagiocbasma,  836,  342. 
Plagiochila,846  (Fig.  244), 

852. 
Plane,  688. 

PlanoblastsB,  291.  292. 
Plantaginaoe».  575, 645. 
Plantago,  646  (Fig.  446). 


Plantain,  562,  646. 
PlasmodiopboresB.  285. 
Platanacea.  674,  638. 
Platanns.  688  (Fig.  438). 
Platycerinm,  889,  405. 
Platycodnn,  657. 
Platyphyllefe,  852. 
Pleospora,  276,  278,  801. 
Pleuridium,  868. 
PleurocarpaB,  371. 
PleurooUdia,  262. 
PiearoooccaoesB,  236. 
Pieurococcns,     236    (Fig. 

166). 
Plenrorhizeffi,  604. 
Plocamiam.  267,  272. 
PlambagioaceaB,  575,  654. 
PlnmbaRO,  654. 
Plnme-thisUe,  664. 
Poa,  549. 
Podalyriees,  636. 
Podocarpes,  469,  487. 
Podocarpus,  465,  487. 
Podopbyllnm,  595. 
Podosphara,  298. 
Podostemaoes,  574, 641. 
Pogonatam,  370. 
Pogoniris,  569. 
PogostemoD,  642. 
Poinsettia,  493.  622. 
Poleaoniaoes,  575,  648.   ■ 
Polemonialee,  575,  647.  > 
PolemoDiam,  648. 
Polybotrya,.890,  406. 
Polycarpe»,  600. 
Polyoarpon,  600. 
Polychidinm,  821. 
Polygala,  617  (Fig.  419) 
PolygalaoesB.  520,574,61 1. 
Polygonaoeai,    501,    578, 

697. 
Polygonatnm,  558. 
Polygonum.  489,500,597 

(Fig.  402). 
Polyides,  272. 
Polypetals,  578,  59L 
Polypbagas,  286. 
Polypodiaces,    879,    881, 

891.  404. 
Polypodies,  891,  405. 
Polypodium,  388. 389  (Fig. 

257),  400  (Fig.  267), 

405. 
Polyporea,  812,  316. 
Polypoms,  818,  816  (Fig. 

221). 
Polysaocum,  818. 
Polysipbonia,     224    (Fig. 

161),  268,  272. 
Polystigma,  296,  bOl. 
PolytriehaoeflB,  857,  870. 

3  r 
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Polytrichnm,     859,     871 

(Fig.  ^54). 
PomesB,  634  (Fig.  483). 
PomegraDate,  632. 
Pondweed,  554. 
Pontederia,  559. 
Pontederiacee,  538,  559« 
Pooiden,  548. 
Poplar,  585. 
Poppy,  601. 
Populas,  585. 
Porocyphus,  821. 
Porotbelinm,  316. 
Porphyra,  272. 
Porphyrinic,  272. 
Portuffsl  Laurel,  638. 
PortaUtca,  600. 
PortulacesB,  578,  600. 
Posidonia,  553. 
PosidoniesB,  553. 
Potamogeton,  554. 
Potamogetone»,  558. 
Potato  Plant.  649. 
Potentilla,  495,  634. 
Potentilles,  638  (Fig.  488). 
PoteriesB,  688. 
Poterinm,  688. 
PotboidesB,  540. 
Pothos,  540. 
Pot  Marigold,  664. 
)?ottia,  870. 
J^ttiaceflB.  870. 
IHrelsflia,  836,  348. 
Prickly  Samphire,  626. 
Primrose,  658. 
Primnla,  508  (Fig.  822), 

654  (Fig  454). 
Primnlaoes,  489, 504, 575, 

e58. 
Primnlales,  575,  658. 
Privet,  652. 
Prosopanche,  689. 
Prosopis,  589. 
Protea,686. 

ProteaceiB,  513,  578»  586. 
Proteales,  573,  586. 
Protobasidiomyoetei,  812, 

815. 
Protocoooaoeaa,  236,  821. 
ProtocooooidesB,  285,  286. 
Protomyces,  808. 
PrnneflB,  682  (Fig.  488). 
Prunella,  643. 
Prunophora,  688. 
Pranus.  682. 
Psalliota,  812,  817. 
Psathyrella,  318. 
Pseudocallitriche,  628. 
Pseudolariz,  484. 
Pseadoneura,  348. 
PseadoflolaneaB,  644.    • 


Pseudostrpbus,  465. 
Pseudotsiiga.  484. 
PsUotaoeiB,  875,  8<=»0,  425. 
Psilotum,  873,  425; 
Ptelea,  515.  614. 
Pteridea,  405. 
Pteridium,  405. 
Pteridopfayta,  217,  872. 
Pterip,  389  (Fig.  257),  897 

<Pig.  262),  898  (Fig. 

864),  405. 
Pterocladia,  272. 
Pterostegia,  598. 
Ptilides,  852. 
Ptilidinm,  852. 
PtUota,  272. 
Paocinia,  278,  804  (Figs.- 

214,  215). 
Pacciniopsis,  807. 
Pnlfball,  310,  318. 
Puliearia,  664. 
Pulmonaria,  650. 
Pumpkin,  628. 
Punotaria,  257. 
Punotarieaa,  257. 
Punica,  632. 
PunieaceflB,  632. 
Purple  Beech.  583. 
Purslane,  600. 
Pycnophyous,  266. 
PylaieUa,  257,  259. 
Pyrenoliohenes,  820. 
I^renomyoetes,  801. 
Pyrola,  655  (Fig.  455).  656. 
Pyrolaoen,  503,  575,  656. 
Pyronema,  276,  298  (Fig. 

207). 
PyruB,  684. 
Pytfaiujn,  291,  292. 

Quaking-grass,  549. 
Qaeltia,  568. 
Qnercus,  588  (Fig.  888). 
Quillaiee,  685. 
Quince,  684. 

Raooblenna,  821. 

Baoodium,  821. 

Raoomitrium,  870. 

Badiola,  618. 

Badish,  605. 

Radula.   885    (Fig.    289), 

843,  852. 
Bafflesia,  589. 
BafflesieflB,  589. 
Bamalina,  822. 
Bameya,  595. 
Bamondla,  646. 
Bampion,  657. 
Banales,  573,  591. 
BanuncnlaceaB,  578,  591. 


BanunculuB,     592     (Fi^ 

897). 
Bapa,  604. 
Bape,  605. 
Bapbane»,  605. 
Baphanus,  608  (Fig.  407), 

604. 
Baphia,  543. 
Baphiolepis,  635. 
Baspbeiry,  684. 
Battle,  645. 
Bayenala,  561. 
Beanmuria,  609. 
Bebonlia,  837,  34l 
Bed-wood  l4ne,  485. 
Beed,  549. 
Beed-grass,  548. 
Beed-maee,  542. 
Beindeer  Moss,  322. 
Befteda,  507,  511.  606. 
BesedaoesB.  578.  606. 
Best-harrow,  686. 
Bestiaoea,  588,  552. 
Bestiales,  588.  552. 
Bhamnacea,  498, 501, 574, 

6ia 
Bhamnus,  618  (Fig.  421). 
Bheum,  598. 
Bhinanthoidea.  644. 
Bhinanthns,  645. 
Bhinopetalum,  511. 
Bhipidonema,  820,  821. 
Bhipsalis,  628. 
Bhizocarpa,  879,  406. 
Bfaizoelonium,  24L 
Bbisomorpha,  814. 
Bhizophora,  682. 
Bhizophoraoea.  574.  632. 
Bhizophyllidacea,  272. 
Bhizophyllis,  272. 
Bhizopogon,  817, 818 (Fig. 

224). 
Bhodoobiton,  644. 
Bbododendroideaa.  655. 
Bhododendron,  655. 
Bhodomela,  272. 
BbodomelaceiB,  272. 
Bhodophyoett.  221,  267. 
Bhodophyllidaoee,  272. 
Bhodophyllis,  272. 
Bhodoraoeaa,  503. 
Bhodotypus,  682. 
Bhodymenia,  272. 
Bhodymeniaeee.  272. 
Bhodymenins,  272. 
Bbubarb,  598. 
Bhus,  618  (Fig.  420). 
BhytiphlQBa,  272. 
Bhytisma,  808. 
Bibes,  509  (Fig.  824),  640 

(Fig.  441). 
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Ribeuaoen.  508. 
Bibesien,  524,  640. 
Bibwort.  646. 
Biecardia,  351. 
Biocia,  835  (Fig.  289),  842 

(Fig.  242). 
Biocies,  329, 836,  841. 
Bicciella,  342. 
Bicoiooarpus,  886,  841. 
Bioe-plant,  548. 
Bichardia,  490,  541. 
BidnQB,    516,   519    (Fig. 

888).  622. 
BieUa,  848.  844,  851. 
Bielle»,'851. 
BiTulariaoee,  288,  821. 
Bobinia,  636. 
BoooeUa,  321. 
Bockrose,  606. 
Bodgeraia,  639. 
BoBstelia,  309. 
Bomulea,  568. 
Boridaln,  608. 
Rosa,  503  (Fig.  316),  632. 
Rosacea,  495, 570,574, 632. 
Bosales.  574,  632. 
Bose,  632. 

Bo8e»,682(Fig.488). 
Bosemary,  643. 
BosmarinaB,  648. 
Bowan-tlree,  684. 
Bubia,  658  (Fig.  459). 
Babiacen,  575,  658. 
Babiales.  575,  658. 
Bubas,  633  (Fig.  434). 
Badbeckia,  o64. 
Bae,  614. 
Baellia.  646. 
Bumez,  516,  598. 
Bappia,  554. 
Bascns,  558. 
Bnab  559. 

Bossula,  318  (Fig.  228). 
Bast,  278,  303. 
Buta,  614. 
Bntaoee,  508,   526,  574, 

614. 
Bates.  510, 614. 
Bye,  550. 
Bye-grass,  549. 

Sabina.  486. 
SaooharomyoeB,  800  (Fig. 

210). 
Sacobaromyoetes,  800. 
Saocharom,  548. 
Sacoogyna,  847,  852. 
Safflower.  664. 
Saffron  Crocus,  568. 
Sagina,  599. 
Sagittaria,  555. 


Sago.  543. 
SAiufoin,  637. 
Salad  Burnet,  633. 
Salioacea,  512, 578,  585. 
Salioornia,  587. 
Salisbaria,  487.  > 

SaUx,  585  (Fig.  390). 
Sallow,  585. 
SalpiglossidesB,  649. 
Salpiglossis,  649. 
SaUafy,  665. 
Salsola,  587. 
Salt-wort.  587. 
Salvia,  519,  642,  643. 
Salvinia,   373.  408    (Fig. 

268),  415  (Pig.  270). 
Salyiniaoes,     379,     881, 

406,  412,  415. 
Sambnoea,  659. 
Sambacas,  659. 
Samolus,  654. 
Samphire,  626. 
Sandal-wood,  589. 
Sand-wort,  599. 
Sangaisorba.  504,  633. 
Sanicula,  623. 
Sanionlea,  625. 
Sansevieria,  5-39. 
Santalaoea,      525,     673, 

589. 
Santalales,  573,  589. 
Santalom,  589. 
Sapindaoea,     527,     574, 

616. 
Sapindales,  574,  615. 
Sapindus,  616. 
Saponaria,  599. 
Sapotacea,  496,  u04,575, 

653. 
Saprolegnia,  294. 
Saprolegniaaea,  275,  279, 

290,  298. 
Saroina,  282. 
Sarcopbyte,  519,  590. 
Sarcoacyphas,  852. 
Sargassum,  266. 
Sarothamnas,  686. 
Sarraoenia,      607      (Fig. 

410). 
Sarraoeniaeea,  578,  607. 
Sarraceniales,  578,  607. 
Sarsaparilla,  559. 
Satnreia,  642. 
Satureinea,  642. 
Saururacea,  573,  576. 
Sanssnrea,  664. 
Saateria,  336,  842. 
Savia,  621. 
Savoy-cabbage,  604. 
Saw-wort,  664. 
Saxegothea,  487. 


SaxifraRa,  509  (Fig.  824), 

639. 
Saxifragacea,     501,   508, 

574.  638. 
Saxifragales,  574,  688. 
Saxlfragea,  638. 
Soabiosa,  662(Fig.  463). 
Scandicea.  626. 
Soandix,  626. 
Scapania,  343,  352. 
Soapbospora,  262 
Scarborough  Lily,  567. 
Soarlet-runner,  637. 
Scenedesmus,  236. 
Soheuchzeria,  554. 
Schi8t08tega,  855. 369, 870. 
Schistostegacea,  370. 
Schizaa,  389,  406. 
Scbizaacea,     379,     881, 

391,  406. 
Scbizantfans,  649. 
Schizomyoetes,  238,  274, 

280. 
Sohizopepon,  516. 
Sobizopbyta,  233,  288. 
Sohizostylis,  569. 
Sohizymenia,  272. 
Schlerochloa,  549. 
Schcenus,  551. 
Sohollera,  656. 
Soiadium,  236. 
Soiadopitys,  463,  485. 
Scilla,  556. 
Scillea,  556. 
Scinaia,  272. 
Soindapsus,  538.  540. 
Soirpoidee,  492,  550. 
Soirpus,  551  (Fig.  357). 
Scitaminea,  538,  588,  561. 
ScIeranthuB,  504,600. 
Scleroderma,  318. 
Sclerodermea,  818. 
Solerotiniea,  274. 
Soolopendrtum,  391,   892 

(Fig.  260),  405. 
Scorpion-grasB,  650. 
Scorzonera,  665. 
Scots  Pine,  485. 
Scottish  Asphodel,  557. 
Screw-pine,  542. 
Scrophnlaria,  645. 
Serophnlariacea.  501, 506, 

575,   644    (Fig.  444), 

645  (Fig.  445). 
Scurvy-grass,  605. 
Scutellaria.  643. 
Soutellariea,  643. 
Scytonema,  321. 
Soytonemacea.  238, 821. 
Soytonemea.  233. 
Scytosiphon,  257^  259.  . 
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ScytosiphniieaB,  257. 
Sea-blite,  687. 
Bea-buckthorn,  620. 
Sea-buglosB,  650. 
Sea-heath,  609. 
8ea-kale,  605. 
Sea-lavender,  654. 
Sea-milkwort,  654. 
Sea-purslane,  599. 
Sea-rocket,  605. 
Sebacina.  313,  315. 
Secale,  550. 
Sedge.  652. 
Sedum,    505    (Fig.    318). 

607.  640  (Fig.  442). 
Selaginelia,      427       (Fig. 

277),  428  (Fig.  278), 

429  (Fig.  279). 
Selaginellaces,  374,  880, 

426. 
Seligeria,  370. 
SeligeriaceiB,  370. 
Si-mpervivam.  640. 
Seiidtnera.  352. 
Senebiera,  605. 
Senecio,  663. 
SenecionideflB,  663. 
Sensitive  Plant,  G38. 
Sequoia,  466,  485. 
BerapiadesB,  566. 
Serratala,  664. 
Servioe-tree,  635. 
Sef>eU,  625. 
SeselineaB,  625. 
Sesleria,  549. 
Shaddock.  615. 
Shalot,  558. 
Sbeep's-bit,  657. 
Shepberd'g  Purse,  605. 
Sherardia,  658. 
Shield  Fern,  405. 
Shortia,  656. 
Sibbaldia  634. 
Sibthorpia,  645. 
Sideroxylun,  504. 
BilauB,  625. 
Silene,  504,  599. 
Sileneaa.  599. 
Siler.  625. 
SiliculossB,  605. 
Siliqiiosie,  604. 
Silver  Fir,  484. 
Silver-weed,  634. 
Simarubaceie,  574,  615. 
Simethiii,  558. 
Sinapis,  605. 
Sinningia,  646. 
SiphoblastiB,  291,  292. 
Siphonacefe,  238. 
SipboDia,  622. 
Siphonooladas,  242. 


Siphonoldee,  235,  238. 
Sirogonium,  245. 
Sirouiphon,  321. 
Sirosiphonee,  238. 
Sison,  625. 
Sistostrema,  316. 
Sisymbrieee,  604. 
Sisymbrium,  604. 
Sisyrinohiuaa,  569. 
Sisyriqchvim,  569. 
Sium,  625. 
Skullcap,  643. 
Sloe,  633. 
Small  Beed,  548. 
Smilacoidesd,  559. 
Smilax,  536.  559. 
Smut,  273,  303,  308. 
Smyruieaa,  626. 
Smyriiium,  626. 
Snake's  Head,  556. 
Snapdragon  644. 
Snowberry,  660. 
Snowdrop,  567. 
Snowdrop-tree,  653. 
Soap- wort,  599. 
SoIanacesB,  575,  648. 
Solaneaa,  649. 
Solanum,  649. 
Soldanella,  653. 
Solidago,  663. 
Solomon's  Seal,  558. 
Sonchns,  665. 
SophoreaB,  636. 
Sorastrum,  242. 
Sorbus,  634. 
Sordaria,  276,  301. 
Sorophores,  285. 
Sorrel,  598. 
Sow-bread,  653. 
Sow-tbistle,  665. 
Spadioiflore,  538,  539. 
Spanish  Chestnut,  583. 
Spanish  Iris,  569. 
Sparassis,  315. 
Sparaxis,  569. 
Sparganium,  542. 
Spartiua,  549. 
Spearwort,  593. 
Specularia,  657. 
Speedwell,  645. 
Spelt,  550. 
Spergula,  503  (Fig.  817), 

599. 
Spergularia,  599. 
Spermaphyta,  431. 
Spermatochnee,  257. 
Spermatoohnus,  257,  259. 
Spermothamnion,270(Fig. 

195),  272. 
Sphacelaria,  257,  259. 
Sphaoelarie«,  257,  259. 


Sphierella,  801. 
Sphsriaoeffi,  801. 
Spherita,  286. 
Spbasrobolas,  318. 
Spbferocarpus,  330    (Fig» 

238),  343,  351. 
Spbsdrococcacee,  272. 
SphsBrococcus,  272. 
Spbierophorus,  322. 
Sphsaroplea,  241. 
Sphaerople»,  241. 
Sphagnaoeee,   328,  330, 

363. 
Sphagnum,  864  (Figs.  247, 

248). 
Spider  Orchis,  566. 
Spilonema,  321. 
Spinach,  S'il. 
Spinacia,  587. 
Spindle-tree,  618. 
Spirna,  632. 
SpiriBesB,  632. 
Spirantheaa,  566. 
Spiranthes,  567. 
Spirillum,  281  (Fig.  196). 
SpirocbiBfce,  281. 
Spirogyra.  245  (Fig.  175). 
SpirolobesB,  604. 
SpiachnaoesB.  370. 
Splaohnum»  356,  370. 
Sporangiophors,  289. 
SporochnesB,  257,  259. 
Sporoohnus,  257. 
SporoohytriesB,  286. 
Sporodinia,  289. 
Spring  Snowflake,  567. 
Spruce  Fir,  484. 
Spurge,  622. 
Sparrey,  599. 
Squamariaceaa,  269,272. 
Squinancy-wort,  658. 
StachydesB.  643. 
Stachjs,  648. 
SUngeria,  465,  481. 
Stapelia,  652. 
Stophylea,  618. 
StaphyleaceflB,  574,  6ia 
Star  Anise,  594. 
Ster  Daffodil,  56a 
Star-fruit,  555. 
Star-grass,  659. 
Star  of  Bethlehem,  556. 
Statice,  654. 
Stanrastrum,  244. 
StegficarpaB,  361,  368. 
Stellaria,  509,  599^ 
Stellataa,  658. 
Stemonitis,  285. 
Stenolobeaa,  621. 
Stephanosphrara,  237. 
Stercaliaoea,  573,  610 
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Stercalieaa,  611. 
Sterenm,  316. 
Sternbergia,  667.        • 
Sticta,    320.     822    (Figs. 

229,  230). 
StictyoBiphon,  257. 
8tigeoolonium«  247. 
Stilophortf,  257. 
StilophoreaB,  257. 
Stinging  Nettle,  577. 
Stips,  545.  548. 
Stitch- wort,  599. 
St.  Dabeoo's  Heath,  655. 
St.  John's  Wort,  608. 
Stocks,  601. 
Stone  Pine,  485. 
Stork's  biU,  612. 
Strap-wort,  600. 
Stratiote»,  560. 
Stratiotes,  560. 
Strawberry,  634. 
Strawberry-tree,  655. 
Streblonema,  257. 
Strelitzia,  561. 
Sirepiocarpns,  646. 
Streptosolen.  649. 
Striaria,  257.  259. 
StriariesB,  257. 
Strobus,  485. 
Struvea,  242. 
Strychnos,  651. 
Stnrmia.  567. 
Stylidiam,  518. 
Stypocaiilon,    224    (Fig. 

160),  257. 
Stjraoeaa,  575,  653. 
Styraz,  653. 
SnflBda,  587. 
SabaUria.  605. 
Saccisa,  661. 
Sa.ar-cane,  548. 
Sugar  Piue,  485. 
Sumach.  618. 
Sammer  Savory,  642. 
Sammer  Soowflake,  567. 
Snndew,  608. 
8anflaw«r,  664. 
Sweet  Basil,  042. 
Sweet  Bay,  596. 
Sweet  Briar.  632. 
Sweet  Flag,  540. 
Sweet  Orange,  615. 
Sweet  Potato,  647. 
Swietenia,  615. 
Sycamore,  616. 
Sychnosepalum,  502,  595. 
SymphoricarpuB,  660. 
Symphyogyna,  345,  861. 
Syropliytnm,  650. 
Symplocarpas,  533,  540. 
Syncephalis,  289. 


Synchytrium,  2S6. 
Syngenetioas.  257. 
Syriuga,  652. 
Svringete,  652. 

Taoamahaca,  686. 
Taccaoee.  538,  660. 
Tasda,  485. 
Tagetes,  664. 
TamaricaceflB,  578,  609. 
Tamarindus,  637. 
Tamarisk,  609. 
Tamariz.  609. 
Tamus.  560. 
Tanaoetum,  663  (Fig.  466), 

664. 
Tansy,  664. 
Taonia,  268. 
Tapioca,  622 
Taraxacum,  663  (Fig.  466), 

665. 
Targiouia,  836,  842. 
TargioniflB,  342. 
Tassel  Poudweed,  554. 
TrtxesB,  467,  487. 
Tazodinea,  466,  485. 
Tazodinm,  463,  486. 
Taxoideaa.  467.  482,487. 
Taxus,   463,     487     (Fig. 


Tavloria,  370. 
Tea,  609. 
Teak-tree,  643. 
Teazle.  661. 
Teooma,  646. 
Tectona.  648. 
Teebdalia,  605. 
Telegraph-plant.  637. 
Tenagocharis,  555. 
TemstrcBmia.  496. 
Terustrcbmiaoead,  573, 609. 
Tesselina,  842. 
Tetraphis,  370. 
Ttitraspora,  236. 
Tetrodontium.  870. 
Tetroncium.  554. 
Teucrium,  643. 
ThiilamiflorsB,  578,  691. 
Thalictrum,  691. 
Thallopbyta,  217.  220. 
Thamnidium,  289. 
Thea,  609. 
Thelephora,  816. 
ThelephoresB,  312,  816. 
Thelidium,  321. 
Theobroma,  611. 
Theophrasta,  654. 
Thermopsis,  636. 
Thesinm,  589,  690  (Fig. 

895). 
Thistle,  664. 


Thlaspi,  608    (Fig.   407), 

605. 
ThlaspidesB,  606. 
Thorn-apple,  649. 
Thrift,  654. 
ThuidiacesB,  371. 
Thuidium.  356,  871. 
Thuja,     463,    486     (Fig. 

806). 
Thujopsis,  486. 
Thujopsidinaa,  486. 
Thunbergia,  646. 
Thyme,  642. 
Tbymel»ace»,  613,  574, 

619. 
Thymus,  642. 
Tiarella,  639. 
Tiger  Flower,  669. 
Tiger-lily,  566. 
Tigridia.  569. 
TigridinsB,  569. 
TiUa,  610  (Fig.  412). 
Tiliaces.  578,  609. 
Tilliea,  640. 
Tilletia,  808  (Fig.  218). 
Tilopteridaces,  257,  262. 
Tilopteris,  262. 
Timothy -grass,  548. 
Tmesipteris,  878,  425. 
Toad-flax,  644. 
Toadstool,  810. 
Tobacco-plant,  649. 
Toddaliett,  614. 
Todea.  406. 
Tofieldia,  658. 
Tolypella.  254  (Fig.  182). 
Tolypellopsis.  255. 
Tomato,  649. 
Tomentella,  818. 
Tonka  Bean,  687. 
Tordylium,  626. 
Torilis,  626. 
Torreya,  468,  487. 
Tortnla,  370. 
Tradesoantia,  512,  556. 
Tragopotfon,  665. 
Trapa,  630. 
Treacle  mustard,  604. 
Tree-fern.  405. 
Tree  of  Heaven.  615. 
Tremella,  312  (Fig.  220). 
Tremellineas,  312,  315. 
Trentepohlia,  248,  321. 
Trichocolea,  844,  852. 
Trichomanes,    878,     889 

(Fig.  257),  404. 
TrichomanoideflB,  852. 
Trichonema,  568. 
Trichosphaaria,  302. 
Tricbostomom,  870. 
Tricycla,  588. 
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Trientalis,  654. 
Trifolies,  QaQ. 
Trifolium,  636. 
Trigloohin,  554  (Fig.  859). 
Trigonella,  636. 
Trillium,  559. 
Trinia,  625. 
Triphragmiam,  807. 
Triticum,  535  (Fig.  846), 

550. 
Tritonia,  569. 
Trollius,  496,  619,  693. 
Tropeolaces,  674, 614. 
Trop8Bolauj,51d  (Fig. 328), 

614. 
Truffle,  301. 
Tsuga,  466,  484. 
Tuberaoeae,  301. 
TubuliflorsB,  662. 
Tnburcinia,  308. 
Tulip,  556. 
Tulipa,  ^56. 
Tnlipen,  556. 
Tulip-tree,  594. 
Tulostoma,  313,  317,  319. 
Turk's  Gap  Lily,  656. 
Turmeric,  562. 
Turnip,  605. 
TussilHgo,  664. 
Tutsans,  608. 
Twayblade,  567. 
Typha,  542. 

TypbaceiB,  537,  538,  542. 
TyphuU,  275,  816. 

Udotea,  240. 
Uiex,  636. 
Ulmaceas,  673,  579. 
Ulmus,  579  (Fig.  381). 
Ulocolla,313. 
UlothricacesB,  243,  246. 
Ulotbrix,  247  (Figs.  176, 

177). 
Ulva,  218. 
Ulvneeas,  243,  S4S. 
Umbellales,  574,  623. 
UmbellifersB.  491,508, 570, 

574,  6-i4. 
Umbilicaria,  322. 
Umbraoulnm,  315,  351. 
Umbrella  Pine,  485. 
Unoinuia,  299  (Fig.  209). 
Uredineas,  303,  305  (Fig. 

215),  310. 
Uredo,  308. 
Urooystis,  310. 
Uromyces,  307. 
Uromyoopsis,  307. 
Urospora,  241. 
Urtica  602, 677  (Figs.  377, 

878). 


Urticacec,  573,  577. 
Urticales.  672,  573,  676. 
Usuea,  323  (tig.  230). 
UstilaginesB,  287, 303,  808. 
Ustilago,  309  (Fig.  218). 
Utricularia,  647  (Fig.  447). 
Uvularia,  557. 

Vacciniacea),  575,  656. 
Vaccinium,  617  (Fig.  832), 

655  (Fig.  455),  656. 
Valerian,  660  (Fig.  462). 
Valeriana,  512,  660. 
ValerianaoeiB,    512,    575, 

660. 
Valerianella,  492,  661. 
Valisneria,  515,  5()0. 
Valisneries,  560. 
Vallota,  567. 
Valonia,  242. 
ValoniesB,  242. 
VampyrellesB,  286. 
Vanda,  567. 
Vanilla.  567. 

Vascular  Cz7ptogam8,372. 
Vaucheria,  239  (Fig.  169). 
Vauoheriee,  240. 
Venus'  Fly.  trap,  608. 
Venus*  Looking-glass,  657. 
Veratrum,  515,  557. 
Verbascom,  644. 
Verbena,  643. 
VerbenacesB,  675,  643. 
Vernal  grass,  548. 
Veronica,  506,  644  (Figs. 

444,  445). 
Verrucaria,  320. 
VerrucariesB.  321,  328. 
Vervain,  643. 
Vetch.  637. 
Viburnum,  659. 
Vicia,  511  (Fig.  327),  671 

(Fig.  374).  637. 
Viciete,  637. 
Victoria,  594. 
Vidalia,  272. 
Villarsia,  651. 
Vinca,  509  (Fig.  324),  626, 

651. 
Viola,  617,  606  (Fig.  409). 
ViolacesB,  524,  573,  606. 
Violet,  606. 
Viper's  Bugloss,  650. 
Virgilia,  636. 
Virginian  Creeper,  619. 
Viscaria,  503  (Fig.  317). 
Viscum,    515,    590    (Fig. 

396). 
Vitex,  643. 

Vitis,  526,  619  (Fig.  422). 
Vittaria,  401. 


Voitia,*868. 
VoitiacesB,  368. 
VoWaria,  317. 
VolvooacesB,  237. 
VolvocoidesB.  235.  237. 
Volvox,  238  (Fig.  168). 

Wahlenbergia,  667. 
Wall-flower,  604. 
WallPelUtory,  677. 
Wall-Bue,  405. 
Walnut,  584. 
Water-Chestnut,  630. 
Water-cress,  604. 
Water  Crowfoot,  692. 
*  Water-Hemlock,  626. 
Water-Lily,  694. 
Water  Lobelia,  658. 
Water  Melon,  628. 
Water-MilfoU.  630. 
Water-Pepper,  609. 
Water  Plantain,  554. 
Water-Purslane,  631, 
Water-Soldier,  560. . 
Water-Violet,  654. 
Waterwort,  609. 
Watsonia,  569. 
Watsonies,  569. 
Waxflower,  652. 
Webera,  370. 
Weeping  Willow,  585. 
WeigeUa,  660. 
Weisia,  870. 
Weisiacea.  370. 
Wellingtonia,  485. 
Welwitschia,  463,  488. 
Weymouth  Pine,  485. 
Wheat,  535  (Fig.  846),  546 

(Fig.  855). 
Whin,  636. 
White  Beam,  635. 
White  Poplar,  5«6. 
White  Spruce,  484. 
White  Thorn,  634. 
Whitlow-grass,  605. 
Whortleberry,  656. 
Wild  Balsam,  614. 
Wild  Garlic,  558. 
Wild  Oats,  549. 
Wild  Parsnip,  626. 
Wild  Plum,  633. 
Wild  Rosemary,  656. 
Wild  Sage,  6l8. 
Willow,  585. 
Willow  Herb,  629. 
Winter  Aconite,  593. 
Winter  Cherry.  649. 
Winter-green,  655. 
Wistaria,  637. 
Witch-hazel,  641. 
Woad,  605. 
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Wolffia,  541. 
Wolf*8-bane,  593. 
Wood  Germander,  618. 
Wood  LUy,  559. 
Woodraflf,  658. 
Woodsia,  391,  405. 
Wood-sorrel,  613. 
Woody  Nightshade,  649. 
Wormwood,  664. 
Woundwort,  648. 
Wrangelia,  271,  272. 
Wyoh  Elm,  579. 

Xanthorrasa,  558. 
Xenodoohus,  307. 
Xiphion,  569. 
Xylaria,  276,  801. 
XylophyUa,  622. 
Xyridaoea,  638.  555. 


Xyris,  556. 

7am.  560. 

Yarrow,  664. 

Yeast,  273,  800  (Fig.  210). 

Yellow  Flag,  569. 

Yellow  Loosestrife,  654. 

Yellow    Monkey-flower, 

644. 
Yellow  Boeket,  604. 
Yellow  Welah  Poppy,  601. 
Yew,  487. 
Yoboa,  585,  558. 

Zamia,  481. 
Zanardinia,  257,  261. 
Zaonichellia,  553. 
Zannicbellieas,  553. 
Zantedeschia,  541. 


Zanthoiyleaa,  614. 
Zanthozylam,  614. 
Zea,515,536(Fig.847),547. 
Zephyranthes,  567. 
Zingiber,  562. 
Zingiberaoes.  538,  562. 
Zingiberefi,  562. 
Zinnia,  664. 
Zonaria,  268. 
Zostera,  515, 558. 
Zosteren,  553. 
Zygnema,  245  (Fig.  174). 
ZygnemesB,  244. 
Zygodon,  870. 
Zygogoniam,  216. 
Zygomycetes,    275,    280, 

285. 
ZygophyllacetB,  508,  674, 

614. 
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Abieiio  anhydride,  709. 
Absorption,  667,  668,  692, 

law  of,  698. 

of  gases,  695. 

of  liquids,  698. 
Aoemnbent,  604. 
Aohene,  630. 
Aohlamydeoas,  512. 
Acicular,  463. 
Aoids,  organic,  708,  728. 
Aorocarpoaa,  356. 
Aoropetal  development  of  members, 

23.  45,  62,  62,  497. 
Acropetal  development  of  tissoe,  177. 
Acrotonoos  564. 
Aotinomorphic  symmetry,  507. 
Acaminate,  54. 
Aoate,  54. 

Acyclic  flower,  496  (Fig.  811),  592. 
Adhesion,  36,  518. 
Adnate,  516. 
Adventitious  members,  19,21, 189, 228, 

896. 
£eidiospore,  305. 
£cidium,  276.  303  (Fig.  214). 
Aerial  roots,  63, 158,  209,  682. 
Estivation,  59. 
Agamogenio,  771. 
Air-bladders,  266. 
Air-cavity,  156  (Fig.  120),  165. 
Air-chamber,  130,  165,  338  (Fig.  241). 
Ala.  617  (Fig.  419).  635  (Fig.  435). 
Albuminates.  707. 
Albumins,  707. 
Albuminous  seed,  458. 


Albumoses,  707. 

Alburnum,  199,  677. 

Aleuron,  112  (Figs.  68,  69),  459,  707, 

727. 
Aldehydes,  708. 
Alkaloids,  707,  728. 
Allylio  isothiocyanate,  709. 
Alternation   of   generations,   8,  217, 

220,  280,  289,  824,  372,  481. 
Aluminium,  710. 
Ambisporangiate  flower,  77,  482,  494, 

515. 
Amentum,  498.  579. 
Amides,  707,  720,  725,  727. 
Ammonia,  712,  721. 
AmoBboid  movement,  69,  288. 

stage,  283. 
Amphigastria,  64,  834. 
Amphitheciam,  189,  881  (Fig.  239), 

360. 
Amplexioaul,  47. 
Amygdalin.  708, 724. 
Amylin,  708. 
Amylolytio  enzyme,  724. 
Amyloplastio,  98. 
Amyloses,  708. 
Anabolism,  667,  669,  716. 
Anaerobia,  728. 
Analogous,  2. 
Anatomy,  89. 

Anatropous  ovule,  487  (Fig.  284). 
AndroBoium,  494,  516. 
Androgynous,  338. 
Androphyte,  8. 
Androspore,  249. 
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Anemophilons,  468,  471. 
AogiocarpoQs  gonidiophore,  812. 
AugustiBeptal  silicnla,  604  (Fig.  407). 
Aunual  plants,  461. 

rings,  197  (Fig.  149).  207. 
shoots,  b9. 
Annular  Tessels,  104  (Fig.  68). 
Annalns.  310  (Fig.  222),  368  (Fig.  251), 

893  (Fig.  268). 
Anterior,  499. 
Anthela,  493. 

Anther.  432  (Fig.  281),  616. 
Antheridial  cell,  448  (Fig.  289). 
Antheridiophore,  84,  887, 863,  876. 
Antheridiom,  8,  88, 189 ;  229, 286,  288 

(Figs.  168, 169),  248  (Figs.  178, 

179),  263  (Fig.  181),  266  (Fig. 

191).  268  (Figs.  194.  196)  :  826 

(Figs.  233.  234) :  876  (Fig.  266), 

413  (Fig.  270)  :  460. 
Anthooyanin.  114. 
Anthophore.  494,  699  (Fig.  408). 
Anticlinal.  146. 
Antipettlous,  498. 
Antipodal  cells.  461  (Fig.  292). 
Antisepaloos,  498. 
Apex.  7, 17. 
Apical  cell,  18  (Figs.  7,  8),  147  (Figs. 

112, 118, 114). 
Aplanogamete,  226.  266.  291. 
Apocarpous,  621,  629  (Fig.  340). 
Apogamy,  87,  378,  768,  772. 
Apophysis  of  Moss-capsule,  361. 

of  Finns,  486. 
Apospory,  87,  868,  878,  768,  772. 
Apostrophe,  686  (Fig.  469). 
Apotheciam,  299. 
Apposition,  growth  by.  762. 
Aqneous  tissue,  161. 164. 
Archegoniophore.  84.  837  (Fig.  240). 

363.  376.  402.  414. 
Archegoninm,3,88.2l8;  826  (Fig.  285); 

876.  400  (Fig.  267),  416  (Fig. 

270);  452,  476  (Figs.  801,  802). 
Arehesporium.  73,  189,  381,  860,  393, 

433,  487. 
Archioarp,  88,  220,  276, 296  (Fig.  207). 
ArU  (or  arUlus),  469,  470,  487  (Fig. 

808).  694,  696  (Fig.  401),  621. 
Arillode,  469,  618. 
Arista,  646. 

Arrangement  of  lateral  members,  28. 
Ascidium,  67  (Fig.  37),  607  (Fig.  410), 

690. 
Ascocarp,  76.  68,  276,  294  (Figs.  206, 

209,  211). 
Ascogenous  hypbs.  299  (Fig.  211). 
Ascogonium.  277,  296  (Figs.  208.  211). 
Ascospore.  278.  298  (Figs.  209,  211). 
Asoos,  88,  278,  298  (Figs.  206,  209, 

211). 


Asexnal  formation  of  speres,  69,  709. 

reproductive  cells,  2,  68. 

reproduotive  organs,  70. 
Ash,  694.  709. 
Asparagin,  707,  724,  727. 
Aseimilation,  667,  674,  716. 
Asymmetry,  13,  612  (FIk.  828), 
Auricula,  847  (Fig.  245). 
Aurioulate,  48  (Fig.  29). 
AutOBcious,  807. 
Automatism,  667,  670. 
Autumn-wood,  198  (Fig.  150). 
Auxospore,  268. 
Awn,  461.  646  (Fig.  855),  612. 
Axial  cylinder,  171,  682. 
Axial  placentation,  626. 
Axil,  31. 

Axillary  branching,  31. 
Axile  placentation,  624  (Fig.  888). 
Axis,  7.  2<,  27  (Fig.  16). 
Azygospore,  246,  288,  290,  771. 

Bacca,  632. 

Bacterioids,  718. 

Balsam,  1.S8. 

Bark,  211  (Fig.  166). 

Basal  waU,  15, 329.  840.  860,  872,  383, 

897,  419,  424,  429,  442. 
Base,  7. 
Basidiogonidium,  278,  312  (Figs.  219, 

220,  223). 
Basidium,  311  (Figs.  219,  220,  223). 
Basifixed  anther,  516. 
Basipetal  development,  28. 
Basitonous,  564. 
Bast,  170  (Fig.  133),  181, 199 
hard,  199. 
soft,  199. 
Bastard.  457. 

Bast'fibres,  188, 181. 199  (Fig.  148). 
Benzoic  aldehyde,  709. 
Berry,  632. 

Bioiliate  cells,  102,  826,  880. 
Biennial  plants,  462. 
Bifurcation.  83. 
Bijugate,  62.  407. 
BUabUte,  611,  641. 
Bilateral  symmetry,  8. 
Bilocnlar  anther,  619. 
Bipinnate,  52. 
Biseriate  perianth,  512. 
Bisexual,  87. 
Bitemate,  68. 
Blade  of  leaf,  45,  49. 
Bleeding,  701. 
Bloom  on  plants,  165. 
Body,  1,  89. 

septate   or   unseptate,    89,   220, 

222,  273. 
Bordered  pits,  104  (Figs.  62,  68),  129 

(Fig.  88),  204. 
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Bostryoboid  dichotomy,  83  (Fig.  18). 
Bostryx,  36,  492. 
Bract.  59,  79,  493. 

fnnction  of,  691. 
Braoteole,  79,  493. 
Branches,  adventitious,  21, 190,  345. 

development  of,  184,  186. 
Branching.  5. 

axillary,  31. 

di^hotomons,  19  (Fig.  8),  88. 

extra-axillary,  81. 

lateral,  19,  34. 

o(  leaf,  61.  186. 

of  root.  62, 186  (Fig.  142). 

of  shoot,  31, 181. 
Branch-systems,  32  (Figs.  18, 19,  20). 
Bromine,  716. 
Bad,  20  (Fig.  9),  31, 69. 

adventitious,  190. 
Budding,  767. 
Bud-scales,  20,  69. 
Bulb,  40  (Fig.  22),  G8. 
Bulbil,  40,  68,  254,  355.  425. 
Bundle,  vascular,  170. 

bicollateral,  175. 

oauline,  171. 

closed,  177. 

collateral,  174. 

common,  171. 

concentric,  173, 176  (Fig.  134). 

conjoint,  170. 

cortical,  173. 

medullary,  173. 

open,  177. 

phloem..  137, 173, 175. 

zylem-,  175. 

longitudinal  course  of,  171. 

structure  of,  180. 

termination  of,  183. 
Bundle-sheath  (endodermis),  182  (Fig. 

139). 
Bursicula,  566. 

Calcium,  714. 

carbonate,  108,  729. 

oxalate.  108  (Fig.  65),  113  (FIrs. 

71.  72) :  primary  and  secondary, 

729. 
Callus,  21,'  190,  214  (Fig.  158). 

of  sieve-tubes,  136  (Figs.  97,  99). 
Calyoulus  (epioalyx),  496. 
Calyptra.  88,  323  (Fig.  237),  333,  362, 

364  (Fig.  248),  371  (Fig.  254), 

425. 
Calyx,  79. 494. 
Cambium,  177,    181    (Fig.  189),  191 

(Figs.  143,  145),  194,  198  (Fig. 

149),  202. 
Cambium.ring,191  (Fig.  144),  200, 204. 
Campanulate,  514. 
Campylotropous  omle,  487  (Fig.  284). 


Cane-sugar,  708,  724,  727. 
Caoutchouc.  709. 
Capillitium,  284  (Fig.  198),  819. 
Capitate  hairs,  64. 
Capitulate  raceme,  491. 
Capitulum  of  Charoidesd,  252. 

inflorescence,  490  (Fig.  309),  661 
(Fig.  466). 
Capsule   of  Bryophyta,  71,  329,  334, 

860  (Figs.  248-254). 
Capsule,  a  fruit,  531  (Figs.  842,  8i3). 
Carbohydrates,  708,  727. 
Carbon,  710. 
Carbonaceous  food,  273. 
Carbon  dioxide,  abliorption  of,  710, 716. 

evolution  of,  725,  726,  728. 
Carcemle,  530, 532,  611  (Fig.  413). 
Carina,  635  (Fig.  435). 
Carinal  cavity,  153,  418  (Fig.  273). 
Carnivorous  plants,  689,  710,  729. 
Carpel,  78,  432,  468,  521. 
Carpellary  flower,  432,  515. 
Carpogamy,  225,  275. 
Carpogonium,  228,  268  (Fig.  194). 
Carpophore,  523  (Fig.  311). 
Carposporangium,  88,  230,  269  (Figs. 

194, 195). 
Carpospore,  69,  229,  267,  271. 
Caruncle,  460,  621. 
Caryopsis,  530,  515. 
Catabolism,  667,  669,  721. 
Cataphyllary  leaves  (Cataphylls),  58, 

373,  417,  691. 
Catkin,  493,  581  (Figs.  884-389). 
Caudide,  664. 
Caulicle,  412. 

Cauline  vascular  bundles,  171, 206, 688. 
CeU,  4,  89,  93  (Fig.  46). 
Cell-contents,  108. 
Cell  division,  119  (Fig.  78). 
Cell-formation,  114  (Figs.  74-86). 
Cell-plate,  123  (Figs.  81-83). 
Cellsap,  93,  113. 
CeU-wall,  90,  93, 108, 105. 

growth  of,  103,  762. 
Cellular  structure,  90. 
Cnllalose,  98,  103,  106,  708,  727. 
Centrosome,  97. 
Ceutrosphere,  95,  97  (Fig.  49). 
Cbalaza,  436  (Fig.  284).  528. 
Chalazogamic  fertilisation,  528. 
Chalk.glands,  137  (Fig.  100),  780. 
Chambered  fibrrs,  138. 

ovary,  622  (Fig.  386]. 
Chemical  composition  of  plants,  706. 
Chemical  effects  of  light,  673,  717. 
Chemiotaxis,  755,  774. 
Chlamydogonidium,  274,  289,  818. 
Chlorine,  713. 
Chlorophyll,  97. 

•corpuscle,  lOOu 


808 


INDEX,   PART  II. 


Chlorophyll,  deTelopment  of,  673. 

fuuctioa  of,  717. 

-spectnim  of,  717. 
ChloropListids.  97  (Figa.  50,  62,  58). 

fUDCtiODB  of,  98. 

moyements  of,  686  (Fig.  469). 
Chloroplftstiu,  97. 
Ghloiotio,  713. 
Chromatin,  96. 

Chromatophore,  97  (Fig>.  54,  55). 
Chromoplastid,  97, 101  (Fig.  56). 
Chromosomes,  119«  771,  781. 
Cincinnal  dichotomy,  83. 
Cincinnus,  86,  492. 
Ciliam,  69.  102,  116  (Figs.  74,  76), 

736. 
Ciroinate  Temation,  60,  890,  480,  742. 
Circulation  of  protoplasm,  733. 
Citric  acid,  708. 
Classification,  216. 
Claw,  514  (Fig.  830). 
Cleistogamoas  flowers,  453,  607,  613. 
Cleistotheciam,  299  (Fig.  209). 
Climbing  plants,  43,  685,  743,  759. 
Clinostat,  752,  760. 
Closed  yascolar  handles,  177. 
Cobalt,  710. 
Coecns,  529,  611,  621. 
CoBnobiam,  92,  222,  243. 
Ccenooyte,  69,  90,  99  (Fig.  53),  142. 
Cohesion,  36  (Fig.  21),  514,  618,  621. 
ColeoptUe,  535  (Fig.  846). 
Coleorhiza,  446.  535  (Fig.  346). 
Collateral  vascolar  bandies,  178  (Fig. 

133). 
CoUenchyma,  182  (Fig.  91),  160. 
CoUeter,  144,  691. 
Colony,  222. 
Colouring-matters,  708. 
Columella,  284,  331,  361  (Figs.  251, 

258). 
Column.  495. 

Combined  effects  of  stimuli,  757. 
Common  bundles,  171,  206. 
Companion-cell,  187  (Fig.  97),  679. 
Compa«s-plants,  749. 
Compound  inflorescences,  490,  492. 
Compound  leaves,  52. 
Concentric  arrangement  of  bundles, 

175  (Fig.  184). 
Conoeptacle.  85,  264,  (Figs.  189, 190). 
Conditions  of  movement.  760. 
Conducting  tissue  of  style,  523. 

-sheath,  705. 
Condnplicate  vernation.  60,  407,  742. 
Cone,   77,    417,   422,  427,    467,  482 

(Figs.  804,  805). 
Conical  root,  68. 
Coniferin,  708. 
Coniin,  7U7. 
Conjoint  bundle,  170. 


Conjugation,  80,  118  (Fig.   76),  237 
[Fig.  167),  244  (Fig.  173),  915 


Fig.  175). 
Conjunctive  tissue;  151,  166,  200. 
Connate,  48  (Fig.  29). 
Connective,  516. 
Contact-stimuli,  742. 
Contorted  vernation,  60. 
Contractile  vacuoles,  786. 
Contraction  of  protoplasm,  764. 
Convolute  vernation,  60,  742. 
Copper,  716. 
Cordate,  54. 
Cork,  210  (Fig.  156). 
Corm,  40,  68. 
Cormophyte,  6. 
Corolla,  79,  494. 
Corona,  66,  515. 

of  CharaoesB,  852. 
Cortex,  169,  207,  218. 
Corymb,  408. 
CostflB,  624. 
Cotyledon.  16,  45,  67,  372,  444  (Figs. 

286,  287),  475  (Fig.  300),  633, 

670  (Fig.  374). 
Crenate,  54. 
Cross-fertilisation,  774. 
Cross-pollination,  463. 
Cruciate  tetragonidia,  267. 
Crystalloids,  111  <Fig.  68),  707. 
Crystals,  108  (Fig.  65),  113  (Figs.  71, 

72). 
Culm,  44. 
Cupule,  66,  328.  837  (Fig.  240),  340, 

860. 
of  Phanerogams,  628,  583  (Figs. 

387,  888). 
Catide,  156. 

Cuticnlarisation  of  cell-wall,  106, 182. 
Cntin,  106. 
Cyathinm,  622. 
Cycle,  26. 
Cyclic  flower,  496. 
Cyolosis,  251,  732. 
Cyme,  492. 

helicoid,  36,  498. 
scorpioid,  86,  492. 
Cymose  branching,  84  (Fig.  19). 

inflorescence,  492. 
Cypsela,  580. 
Cystidium,  312  (Fig.  223). 
Cystocarp,  75,  88,  226.  267  (Fig.  194). 
CystoUth,  108  (Fig.  66),  677,  729. 
Cyto-hyaloplasm,  95. 
Cytoplasm,  95, 117. 
Cytoplastin,  95. 

Daily  periodicity  of  growth,  746  (Fig, 

480). 
Day-position,  689. 
Deoidaoos,  22. 
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PeouBsate  arrangement  of  leaves,  25. 
Peferred  shoots,  32. 
Definite  iDfloresooDoes,  492. 
Definitive  nnoleus,  451. 
Behiscenoe  of  anther,  520. 

of  fraitB,  531. 

of  sporangium,  74. 
Dehiscent  fmits,  460,  531. 
Dentate,  54. 

Dermatogen,  146  (Fig.  110),  149, 154. 
Desmogen,  primary,  151,  176, 

secondary,  202,  203  (Fig.  158). 
Development  of  body,  13. 

of  branches  of  roots,  186. 

of  leaves,  185. 

of  secondary  m<%mbers,  184. 

of  hairs,  188. 

of  emergences,  188. 

of  reproductive  organs,  188. 

of  adventitious  members,  189. 
Dextrin,  708,  724. 
Destrose,  724. 
Diadelphous,  518. 
Diageotropism,  685,  688,  751. 
Diagonal  plane  of  flower,  499. 
Diagram,  floral,  498. 
Diaheliotropism,  685,  688,  748. 
Diaphragm,  414,  430. 
Diaroh  stele,  179,  886,  428. 
Diastase,  724. 
Diastole,  786. 
Dichasial  cyme,  492. 
Dichasiam,  85  (Fig.  20),  492. 
Diohlamydeons,  512. 
Dichogamy,  454. 
Dichotomy,  19  (Fig.  8),  83  (Fig.  18), 

184  (Fig.  140). 
Diclinous,  87,  325,  858. 
Dicydic,  501. 
DidynamouB,  518. 
Differentiation  of  tissnes,  92, 175, 177, 

202. 
Digestive  sac,  188. 
Digitate,  381. 
Dimorphic  plant,  3. 
Dimorphism,  455. 
DicBcions,  86,  825. 
Diplotegium,  531. 
DiplostemoDons,  501. 
Directive  effect  of  light,  674,  747  (Fig. 
481). 

of  gravity,  751. 
Disc,  526. 

Dissected  leaves,  54. 
Disfcemiuation  of  seed,  460. 
Dissepiment,  522. 

false  or  spurious,  522,  603. 
Dissimilar  secondary  members,  31. 
Dissipation  of  energy,  731. 
Distichous  arrangement,  29  (Fig.  16). 
Distractile  anther,  517  (Fig.  331). 


Distribution  of  water  and  other  sub- 
stances, 700. 
of  organic  plastic  substances,  705. 
Diurnal  and  nocturnal  positions,  689 


(Figs,  470,  471). 
si  I  ■ 


Diumsi  sleep  of  leaves,  689. 

Divergence,  24. 

Dormant  buds,  82. 

Dorsal  suture,  521. 

Dursifixed  Huther,  517  (Fig.  881. 

Dorsiventral  arrangement,  29  (Fig.  17). 

Dorsiventrality,  9  (Fig.  2),  11  (Fig.  3), 

13,  510  (Figs.  826,  827). 
Double  flowers,  502. 
Drepanium,  86,  492. 
Drupe,  532  (Fig.  344). 
Drupel,  582. 
Duct,  189. 
Duplication,  501. 
Duramen,  199,  677. 
Dwarf-males,  249  (Fig.  178). 
Dwarf-shoots,  89. 

Ectoplasm,  95. 

Egg-apparatus;  451  (Fig.  292). 

Elater,  74,  881,  418. 

Elementary  constituents  of  the  food 
of  plants,  710. 

Eleutheropetalous,  514. 

Eleutherophyllous,  514. 

Eleutherosepalous,  614, 

Emarginate,  54. 

Embryo,  18. 

Embiyo-cell,  441. 

Embryogeny,  18. 

heteroblastio,  14,  254,  271. 
holoblastic,  18,  441. 
homoblastio,  18. 
meroblastio.  18,  254,  441,  471. 
of  Bryophyta,  829,  834,  860:  of 
CharoideaB,  254  (Fig.  182):  of 
Gymnosperms,  471  (Figs.  298, 
299):    of    Phanerogams,    440 
(Dicotyledons,  Fig.  286;  Mono- 
cotyledons, Fig.  287) :  of  Fteri- 
dophyta,  872,  897  (Figs.  262, 
263,  264),  412,  428  (Figs.  275, 
276).  429. 

Embryonal  tubes,  472  (Fig.  299). 

Embryonic  branches,  68.  255. 

Embryo-sac,  70,438(Figs.2b5,291,292). 

Emergences,  64,  66,  188. 

Emulsin,  724. 

Enantioblastic,  532. 

Endocarp,  460,  529  (Fig.  344). 

Endodermis,  132,  152,  159,  165  (Pig. 
127).  166  (Figs.  128,  129),  678. 

Endogenous  development,  21, 186, 345. 

Endoperidiom,  318. 

Eudopb\tio,  233. 

Endopleura,  459. 
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EDdosperm,  450  (Fig.  391),  451. 

ruminated,  595,  597. 
Endospore,  69,  117,  800. 
Eudotbeoiam,  189,  831,  360* 
Energid,  90,  94,  122. 
Energy,  of  growth,  739. 

absorption  of,  717,  780. 

dissipation  of,  781. 

expenditure  of,  780. 

kineiio,  671.  717.  780. 

potential,  718,  781. 

supply  of,  730. 
Ensiform,  49,  536. 
Entire,  51,  54. 
Knt'>mophilouB,  454. 
£nzyme,  669.  722.  724. 
Epibasal  cell,  15,  329,  372. 
Epiblast,  534  (Fig.  346). 
Epibl«'ma,  154,  682 
Epicalyx,  79,  494,496,  591. 
E|)icarp,  529  (Fig.  844). 
Epicotyl,  446. 
Epidermis,  182  (Fig.  91),  145  (Fig.  309), 

149,  154. 
Epigean  cotyledons,  446. 
Epigynous,  495  (Fig.  810). 
Epinasty.  60,  742  (Fig.  479). 
Epipetaloos,  518. 
Epipbragm,  869. 
EpiphyllouB,  518. 
Epiplasm,  299,  800,  410. 
Epipodiam,  45,  49. 
Episporiam  (Epispore),  292,  410. 
Epistrophe,  686  (Fig.  469). 
Eqnitant,  60. 

Erect  ovule,  526  (Fig.  888). 
Erythrophyll,  114. 
Etierio,  582. 

Etiolated  plants,  674,  744. 
Etiolin,  673. 
Eucarpic.  286. 
Encyclic.  500. 
Eugenol,  709. 
Eusporangiate,  78,  875. 
ETointion   of    oxyaen    from   water- 
plants,  718  (Fig.  475). 
Exalbuminous  seed,  458. 
Excipulum,  320. 
Excreted  waste  products,  728. 
Excretion,  730. 
Exine.  69,  117,  418. 
Exodermis,  160. 
Exogenous  development,  20. 
Exoperidium,  318. 
Exospore,  60.  117,  800.  865. 
Expansion  of  protoplasm,  764. 
Exstipulate,  47. 
External  conditions.  671. 
Extra-axillary  branching,  81. 
Extra- floral  nectaries,  138,  679. 
Extra-seminal  devdopment,  440,  446. 


Extrastelar  tissue,  146, 159,  207. 
Extrorse,  5*20. 
Eye-spot,  102. 

False  dichotomy,  85  (Fig.  20),  184. 

foot,  881,  850,  862. 

fruits,  458,  528. 
Fascicle,  493. 
Fascicular  cambium,  191* 
Fats,  111,  708,  727. 
Fat-enzyme,  724. 
Feeder,  14,  480. 
Female  organ,  88. 

pronucleus,  458. 
Ferment,  organised,  728. 

unorganised,  669,  722,  724. 
Fermentation,  alcoholic,  282, 800, 728. 

butyrict  232. 

lactic.  282. 
Ferrobacteria.  719,  731. 
Fertiliaatiou,  80,  225,  457,  527. 
Fibres,  132. 

chambered,  133. 

woody,  196. 
Fibrous  cells,  188, 196. 

root,  63. 
Fibro  vascular  bundle,  170. 
Filament,  432,  516. 
Filiform  apparatus,  452. 
Filtration  under  pressure,  669,  701. 
Fixed  light  position,  688. 

oils,  708. 
Flagellum,  845. 
Flanks.  9. 
Floral  diagram,  498. 

formula.  500. 

leaves,  59,  494,  691. 
Flower,  42,  76,  481.  467,  494. 

accessory  orgnns  of,  526. 

ambisporangiate,  77,  515. 

irregular,  510. 

macrosporangiate,  77,  515. 

microsporsugiate,  77,  515. 

monosporangiate,  77,  515. 

opening  and  closing  of,  744. 

regular,  507. 

repntduntive  organs  of,  515. 

symmetry  of,  507. 

phyllotaxy  of,  496. 
Fluorine,  710. 

Foliage-leaves,  56,  162  (Fig.  125),  685. 
Follicle.  531. 
Food-bodies,  679. 
Food  of  plants,  710. 
Foot,  14,  330  (Fig.  289),  872  (Fig. 

264). 
Form  of  leaves,  56. 

root,  63. 

stems.  44. 
Forms  of  tissue,  131. 
Formation  of  chlorophyll,  678. 
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Formation  of  tissae  in  oonseqaenoe  of 

injorj,  213. 
Formative  region,  738. 
Fovea.  384  (Fig.  256). 
Foveola,  884. 

Fragmentation  of  nuclcns,  96  (Fig.  48). 
Free  cell-formation.  119. 
Freezing,  effects  of,  672  (Fig.  467). 
Fmit.  88,  468.  479.  628,  776. 

dehisoence  of,  631. 

dry  deLiscent,  631. 

dry  indehisceut,  529. 

Bucoolent,  632. 
Frustnle,  258  (FiR.  184). 
Function  of  chhtrophyll,  717. 
Functions  uf  tbe  members,  680. 

of  plants,  666. 

of  the  tissues,  674. 
Fnndamental  tissue,  144, 159* 
Funide,  72,  437. 
Funioalns,  318. 
Fusiform  root,  68. 

Galeate,  641. 

Oallotannin,  708. 

GametauKium,  80,  88,  237,  260  (Fig. 

186),  276. 
Gametes,  2,  80,  225. 
Gametophore,  80,  85  (Fig.  44),  325, 
334,  387  (Fig.  210),  863,  382, 
401. 
Gametophyll,  80,  85,  260  (Fig.  186). 
Gametophyte,  2,  69, 171, 217,  220, 279, 

324,  375,  447. 
Gamodesmic,  170. 
Gamogenio,  770. 
Gamopetalous,  514. 
Gamophyllous,  514. 
Gamosepalons,  514. 
Gamostelio,  162. 
Gemme,  12  (Fig.  4),  67,  274,  340,  378, 

426,  761. 
Gemmation,  67, 125,  274,  2d9. 
Generations,  alternation  of,  8,  217. 
Genetic  spiral.  26  (Fig.  16). 
Generative  cell,  448  (Fig.  289),  477. 
Genus,  218. 
Geotropism,  751  (Fig.  482). 

negative,  686,  762. 

positive,  682  762. 
Germination  of  seed.  441. 
Glands.  137,  140  (Fig.  101). 
Glandular  hairs,  143  (Fig.  108). 
Glandular  tissue,  137,  679. 
Glanfl,  530. 
Gleba.  317. 

Globoid,  111  (Fig.  68). 
Globulm.  112,  707. 
Glocbidia.  410. 
Glomernle.  49i. 
Glucoses.  708. 


Glueoside,  708. 

Glucoside-enzyme,  724. 

Glume,  493.  645  (Figs.  354,  855). 

Glycerin,  724. 

Glycogen,  299. 

Gonidangium,70, 122  (Fig.  79),  230, 277. 

Gonidiophore,  75.  278.  310. 

Gonidium,  3,  69,  75.  220,  229,  277. 

Gonophore,  494.  627. 

Graft-hybrids,  768,  777. 

Grafting,  767. 

Grand  period  of  growth,  738. 

Grape-sugar,  724,  727. 

Ground-tissue,  144,  169. 

Growing-point,  16.  20  (Figs.  8,  9),  146 

pPig.  110),  150  (Fig.  115). 
Growth,  16,  737. 

in  length,  737. 

in  thickness  of  cell- wall,  103. 

in  thickness  of  stem  and  root,  191. 

of  oeU-wall,  103. 

of  leaf,  46. 

of  starch-grains,  109. 

sliding,  2  >3. 
Guardc<^lls  of  stomata,  156  (Fig.  119), 

698. 
Gum,  138,  708. 
Gum-iesin-ducts,  188. 
Gutta-percha,  709. 
Gymnocarpous  gonidiophore,  312. 
Gynandrosporous,  249. 
Gynandrons,  518,  663. 
Gynsceum,  494,  521. 
Gynobuic  style,  523,  643. 
Gynophore,  495.  (>05  (Fig.  408),  627. 
Gynophyte,  3. 

Gynostemium,    457  (Fig.  294),  495, 
563,  692. 

Hairs,  23,  64  (Fig.  40),  148  (Fig.  108), 
159  (Fig.  122).  188. 

internal,  133. 
Hapteron,  66,  223. 
Hastate,  64. 
Haulm,  44. 

Haustorium,  66, 188,  874,  711. 
Heart-wood,  199. 
Heat,  influence  of,  671. 

production  of,  731  (Fig.  476). 
Heliooid  cyme,  36,  492. 

dichotomy,  83  (Fig.  18). 
Heliotropism,  674,  747. 

negative,  682. 

positive,  685. 
Hemiangiocarpons,  812. 
Hemicyclic,  496. 
Heredity,  777. 

Hermaphrodite,  87,  432,  615. 
Heterobi antic  embryogeny,  13  (F>g.  5), 

255  (Fig.  183),  263,  271,  324. 
Heterochlamydeuus,  612. 
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HeteroolinouB,  858. 
Heterocyclic,  500. 
Heterocyst,  232  (Fig,  164). 
HeteroBcism,  dOl. 
Heterogamy,  80,  225,  275. 
Heteromeroug  lichen  thallas,  821. 

floral  whorls,  500. 
Heteropbylly,  57,  390,  427,  468,  486 

(Fig.  806). 
Heterosporous,  70,  875,  880,  481. 
Heterostylism,  455. 
Hilam,  437. 

Histological  differentiation,  92. 
Histology,  89. 

of  GymnospermflB,  464. 
of  Phanerogamia,  440. 
of  Pteridophyta,  874,   896,  412, 

418,  422,  426,  428. 
of  the  development  of  secondary 

members,  184. 
Holoblastio  embryogeny,  18,  441. 
Holocarpic,  286,  290. 
Homoblastic  embryogeny,  18. 
Homochlamydeoas,  512. 
Homoiomerons  liohen-thallas,  821. 
Homology,  1. 

Homosporous,  70,  875,  880. 
Hook-climbers,  685. 
Hormogoniom,  232  (Fig.  165). 
Host,  711. 
Humas,  710. 
Hybrid,  457,  775. 
Hybridisation,  457,  776, 
Hydrogen,  710,  712. 
Hydrotropism,  positive,  688. 
Hymenial  layer.  299.  310. 
Hymenophore,  310, 316  (Ffgs.  221, 222). 
Bymenium,  310  (Figs.  219,  223). 
Hypha,  92,  273. 
Hypobasal  cell,  15,  829,  872. 
Hypocotyl,  446. 
H.vpoderma,  160. 
Hypogean  cotyledons,  446. 
Hypogynous,  495  (Fig.  810). 
Bypouasty,  60,  742. 
Hypophysis,  444. 
Hypopodium,  45. 
Hypsophylls.  59,  76,  431. 
Hypsophyllary  leaves,  67  (Fig.  36),  59, 

76.  691. 

Ice,  formation  of,  672  (Fig.  467). 

Id,  782. 

Imbibition  theory,  704. 

Imparipinnate,  52  (Fig.  32). 

Incabons  leaves,  346  (Fig.  245). 

Incumbent,  604. 

Indefinite  inflorescences,  490. 

Indehi^cent  fruits,  460. 

Indigo,  708. 

Induced  movements,  742. 


ludusium.  72  874,  89L 

inferum.  891. 

laterale,  391. 

Bupernm,  391. 
Inferior  ovary,  495. 
Infioresoenoe,  76,  431,  490. 
Infandibuliform,  514. 
Initial  cells,  145. 
Innate,  516. 

Inaovation,  89,  856,  370. 
Innovation-shoot,  36. 43. 
Inorganic  ash  of  plants,  709. 
Inorganic  compounds,  706. 
Insertion  of  leaves,  21. 
Integument,  72. 
Intercalary  growing-point,  17  (Fig.  7), 

22  (Fig.  lOJ. 
Intercalary  growth,  228  (Fig.  159),  224, 


(Fig.  160). 
lellu' 


Intercellular  spaces,  180  (Fig.  89). 

lysigenous,  130. 

sohizogenons,  180. 

substance,  128. 
Interfascicular  cambium,  191. 

conjunctive  tissue,  166, 170. 
Internal  hairs,  183. 
Internode,  21. 
Interruptedly  pinnate,  52. 
Interstitial  growth,  16. 
Intine,  69, 117,  484. 
Intra-semiual  development,  440. 
Intra- stelar  tissue,  151, 166. 
Introrse,  520. 
Intussusception,  762. 
Inulin,  114  (Fig.  73),  708. 
Invert-enzyme,  724. 
Involucel,  491. 
Involucral  leaves,  857. 

scales,  838. 
Involucre,  79,  825,  838,  491  (Fig.  809), 

691. 
Iodine,  716. 
Iron,  713. 
Irregular   spontaneous   variations  in 

rate  of  growth,  739. 
IrritabUity,  667,  670,  742,  766. 

conditions  of,  760. 

localisation  of,  755. 

to  differences  in  the  degree  of 
moisture  in  the  surrounding 
medium  (hydrotropism),  755. 

to  direction  of  incitience  of  the 
rays  of  light  (heliotropism),747; 

to  mechanical  stimuli,  742. 

to  the  directive  influence  of  gravity 
(geotropism),  751  (Fig.  482). 

to  variations  in  the  intensity  of 
light,  744. 

to  variations  of  temperature,  748. 
Isobilateral  arrangement,  29. 

symmetry,  8,  508. 
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Ifloerclic,  500. 
Isogamy,  80,  225,  275. 
Isomerous,  500. 

Jnga  primaria,  624. 
Juga  seoondaria,  625. 

Karyokinesis,  118. 

Kinetic  energy,  668,  780. 

Knight*s  machine,  752  (Fig.  488). 

Kinoplasm.  95, 119. 

Kinoplasmic  spindle,  119,  124  (Fig. 


LabeUnm,   456  (Fig.  294),  562,   568 

(Fig.  870). 
Leynlose,  724. 
Lamella,  810  (Fig.  219). 
Lamina,  45,  49. 
Lanceolate,  54. 
Latent  period,  757. 
LateriJ  branching,  19,  84. 

buds,  20. 

members,   development   of,    185 
(Fig.  141). 

plane  of  flower,  499. 
Latex,  141,  680. 

Laticiferoas   coenooytes    (cells),    142 
(Figs.  106, 107). 

tissue,  fnnciions  of,  680. 

vessels,  141  (Fig.  105). 
LatisepUl  silicnla,  604  (Fig.  407). 
Law  of  absorption,  698. 

of  cambial  division,  198. 
Leaf,  5,  6,  45  (Figs.  27-81). 

apex  of,  54. 

•base,  45,  54. 

-blade,  45,  49. 

cataphyllazy,  58. 

oompoand,  52. 

coriaceons,  56. 

epipodium,  45,  49. 

fall  of,  23,  56. 

floral,  59. 

functions  of,  685. 

form  of,  56. 

herbaceous,  56. 

hypopodium,  46. 

margin  of,  54. 

hypsophyllary,  59. 

mesopodium,  45,  48. 

minute  structure  of,  168  (Fig.  125), 
164  (Fig.  126),  685. 

oblique,  49. 

outline  of,  54. 

phyllopodium,  45. 

pitchered,  57  (Fig.  87),  607  (Fig. 
410),  640,  690. 

prefloration,  60. 

primordial,  45. 

-soar,  28. 


Leaf,  segmentation  of ,  58  (Fig.  82). 

-spine,  58  (Fig.  88),  690. 

sporopliyllary,  59,  70,  76. 

-stalk,  45. 

succulent,  56. 

-tendrils,  49  (Fig.  28),  58, 628, 646. 

-traces,  171. 

venation  of,  54. 

vernation  of,  59. 

-wing,  45. 
Leaflet,  52. 
Leafy  shoot,  5,  88. 

annual,  89.     • 

ereeping,  42. 

dwarf-,  89. 
Legume,  581. 
Lenticels,  212  (Fig.  157). 
Leptosporangiate,  78,  375. 
Leucin,  707. 

Leuooplastid,  97,  98  (Fig.  51). 
Life-history,  2,  217,  230, 278,  324, 878 

481. 
Light,  chemical  effects  of,  678. 

mechanical  effects  of,  674. 
Light-position,  688,  748,  759. 
Ligniflcation  of  cell-wall,  107. 
Lignin,  107. 

Ligulate  corolla,  661  (Figs.  464,  466). 
Ligule,  48  (Fig.  28),  66, 884  (Fig.  256), 

427. 
Limb,  515  (Fig.  880). 
Linear,  54. 
Linin,  96. 
Linolein,  708. 
Lithium,  710,  716. 
Lobed,  52. 

Localisation  of  inritabilitv,  755. 
Loculicidal,  581  (Fig.  843). 
Loculus,  522. 
Lodioule,  545. 
Lomentaceous,  531. 
Lomentum,  531. 
Longitudinal  axis,  7. 

section,  7. 
LysigenouB,  130, 188. 

Maorosporangiate  flower,  77,  482, 615. 
Macrosporangium,  71,  875,  438,  470, 

489,  524. 
Maorospore,  70,  875,  488,  526. 
MacrosporophyU,  78.  376,  482,  521. 
Macrosporophyllary  flower,  78. 
Macrozoogonidium,  226. 
Magnesium,  714. 
Mide  organ,  83. 

pronucleus,  467. 

reproductive  cells,  81. 
Malic  acid,  708. 
Maltose,  708,  724,  727. 
Mannite,  708. 
Manubrium,  252  (Fig.  181). , 
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Marginal  growing-point,  Id. 
Massala,  of  AzoUa.  410. 

of  Orchids,  564. 
Ma8tigopod-8tage,  283. 
Meohnnioal  effects  of  iight,  678. 
Mechanical  work  of  movements,  765. 
Mechanism  of  the  movements,  761. 
ISedian  plane  of  flower,  499. 
Medulla,  151, 169. 
Medullary  bundles.  178. 

conjunctive  tissue,  166. 

phloem-bundles,  178. 

zays,  152.  167  (Fig.  180),  201 
(Fig.  152). 

sheath,  179. 
Members,  2,  5,  223  (Fig.  162). 
Mericarp,  529  (Fig.  841). 
Meristele,  158, 182. 
Meristem,  131, 145,  204. 
Meroblastio  embryogeny,  18,  441»  471. 
Meflocarp,  529  (Fig.  844). 
Mesophyll,  162,  685. 
Mesopodium,  45,  48. 
Metabolism,  667,  669,  706. 
Metallic  elements  of  food,  710. 
Metaxin,  97. 
Miorocysts,  275, 285. 
Micropyle,  486. 

Miorosporangiate  flower,  77,  432,  515. 
Microsporangium,  71,  875,  408  (Fig. 

268;,  488,  469,  489,  519. 
Microspore,  70,  875, 484. 
Miorosporophyll,  78.  875.  482. 
Miorosporophyllary  flower,  78. 
Microzoogonidium,  226. 
Middle  lamella,  129  (Fig.  87),  182. 
Midrib,  51. 
Mineral  matters  in  cell-wall,  108  (Fig. 

65),  695. 
Mitotic  nuclear  division,  97, 118  (Figa. 

77,  78,  81,  82,  88). 
Monadelphous,  518. 
Monarch  bundle,  179. 
Monocarpic  (Fungi),  286,  290. 
Monocarpous,  461. 
Monochlamydeous,  513. 
Monoelinous,  87,  825,  858,  432. ' 
Monocyclic,  501. 
Moncecious,  86,  825,  432. 
Monomerous  ovary,  521. 
Monopodial  branch-system,  84. 
Monopodium,  84. 
Monosiphonous,  259,  267. 
Monosporangiate  flower,  77,  482,  515. 
Monostely,  146,  152. 
Mononymmetrical,  10,  508. 
Morphin,  707. 
Morphology,  1. 

of  adult  shoot  of,  Andreflsaoes  865, 
Anthocerotaces  852,  ArchidiaoesB 
866,      Jungermanniacen     848, 


MarohantiaceflB  886,  Sphagnaeea 
868. 
Morphology  of  Algas,  222. 

of  extra  -stelar  fundamental  tissue, 

159. 
of   primaiy  tegumentary  tissne» 

154. 
of  reproductive  organs,  67. 

asexual,  70 ;  of  Angiospermn, 
489 ;  of  QymnoBperma,467. 
sexual,  80. 
of  the  tissue-sybtems,   144,  151, 

159,  166. 
of  vegetative  organs,  87, 88, 44. 45, 
61 ;  of  Gymnosperms,  463. 
special, -of  members,  87. 
Morphological  differentiation,  2. 
Motile  region,  761. 
MotUity  of  protoplasm,  667,  670,  761, 

764. 
Movements,  conditions  of,  760. 
induced,  742. 
mechanism  of,  761. 
of  cellular  m-mbers,  785,  736. 
of  growth,  787. 
of  protoplasm,  785. 
of  variation,  787. 
spontaneous,  735. 
Mucilage,  708. 

conveision  of  cell- wall  into,  107, 

158. 
secretion  of,  141,  143,  680. 
Mucro,  53  (Fig.  82). 
Mucronate,  54. 
Multijugate,  52. 
Multilateral  arrangement,  26  (Fig.  18). 

symmetry,  8. 
Multilocular  ovaiy,  522  (Fig.  886). 
Mycelium,  278. 
Mycorhiza,  278, 710. 
Myrmecophilous  plants,  679. 
Myrosin,  708. 
Myronate  of  potash,  708. 
Myxopod-stage,  288. 

Napiform  root,  68. 

Natural  selection,  760. 

Neck  canalceU,  827  (Fig.  235),  877. 

Nectary,  188,  526,  729. 

Negative  geotropism.  685. 

heliotropism,  682,  750. 

pressure,  699. 
Nicotin,  707. 
Night-position,  689. 
Nitrates,  712. 
Nitrification,  712. 
Nitrobacteria,  712,  719,  781. 
Nitrogen,  710. 
Nitrogenous  organic  subntanoes,  707. 

reserve  material,  727. 
Node,  21,  46. 
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Non-metallio  elements  of  food,  710. 
Non-nitrogenous  organic  subBtanoes, 
708. 
reserYe  material,  727. 
Nacellus,  436,  526. 
Nuclear  disc,  119  (Pig.  77). 

division,  direct,  96  (Fig.  48). 

indirect,  97,  118  (Figs. 
77,  78, 82). 
Nuoleo-hyaloplasm,  95. 
NnoleoluB,  93. 

Nucleus,  89,  93,  95,  96  (Fig.  47). 
Nut,  530. 

Nutation,  742  (Fig.  478). 
Nutritive   properties   of   protoplasm, 

667. 
Nyotitropio  movements,  689  (Fig.  471). 

Obcordate,  54. 

Obdiplostemonous,  508  (Fig.  317). 
Oblique  leaf,  49. 

plune  of  flower,  499. 

zygomorphy,  10. 
Obovate,  54. 
Obtuse,  54. 

Ocrea,  48,  597  (Fig.  402). 
Octant-waU,  329,  372. 
Oidium-cells,  274,  289,  313,  767. 
Oil-drops,  111,  459. 
OUs,  fixed,  708. 

volatile,  708. 
Oily  seeds,  112,  459,  726. 
Oleic  acid,  708,  724. 
Olein,  708,  724. 
Oligomery,  501. 
Oligotaxy,  504. 

Ooblastema-filaments,  270,  299. 
Oogamy,  225,  275. 

Oogonium,  83, 220, 228, 238  (Figs.  168. 

169),  249  (Fig.  178),  253  (Fig. 

181),  266  (Fig.  190),  276,   291 

(Fig.  202). 

Oosphere,  3,  81,  116,  225,  265  (Figs. 

190,  191),  277,  326,  377,  462. 
Oospore,  3, 118,225,  275,334,  377, 458. 
Opening  and  closing  of  flowers,  744. 
Operculum,  331,  341,  361,  368  (Fig. 

253). 
Opposite  members,  25. 
Optimum-temperature,  671. 
Orbicular,  536. 
Organs,  2. 

reproductive,  67,  188. 

vegetative,  37. 
Organic  acids,  708,  728. 
Organised  ferments,  723. 
Origin  of  species,  780. 
Orthostichj,  25.  26  (Figs.  14,  16). 
Orthotropic  members,  758. 
Orthotropous  ovule,  437  (Fig.  884). 
Osmosis,  668,  700, 
V.  S.  B. 


Ovary,  79,  433,  496. 

Ovate,  54. 

Ovule,  71,  189,  433. 

anatropous,  437  (Fig.  284). 

ascending,  525. 

campylotropous,  437  (Fig.  284). 

erect,  525. 

horizontal,  525. 

orthotropous,  437  (Fig.  281),  525 
(Fig.  338). 

pendulous,  525. 

suspended,  625. 
Oxalic  acid,  708,  729. 
Oxygen,  710,  712. 

absorption  of,  722,  726. 

evolution  of,  716  (Fig.  475 1 . 

Palea  of  Gompositea,  662. 

of  Ferns,  395. 

of  Grasses,  545. 
Palisade-tissue,  163  (Fig.  125),  686. 
Palmate,  50  (Fig  30). 
Palmatifid,  53  (Fig.  32). 
Palmi^e^Midt  708. 
Palmitin,  708. 
Panicle,  493. 
Pappus,  460,  660  (Fig.  462),  661  (Fip:^. 

464,  4G6). 
Paracorolla,  615, 
Paraheliotropism,  689,  748. 
Paralinin,  95. 
Paramylon,  111. 
Paraphysis,  264  (Fig.  190),  299,  311, 

358,  392,  425. 
Parasites,  273,  589,  647,  711. 
Parastichy,  27. 

Paratonic  effect  of  light,  674,  744. 
Parenchyma,  131,  163  (Fig.  125). 

functions  of,  676. 
Paripinnate,  52  (Fig.  32),  407. 
Parthenogenesis,  87,  246,  771. 
Partite,  54. 
Passage-cells,  162. 
Pedate,  50  (Fig.  30).  381. 
Pedicel,  77,  490. 
Pedicellate,  77. 
Peduncle,  77. 
Peg,  14. 
Peloria,  512. 
Peltate,  51  (Fig.  31). 
Pentaoyclic,  502. 
PentamerouB,  500. 
Peptones.  707,  725. 
Perfoliate,  48  (Fig.  29). 
Perianth,  76,  432. 

-leaves,  79,  494,  691. 
Periblem,  146. 
Pericambium,  167. 
Pericarp,  112  (Fig.  70),  271,  529  (Fig. 

344). 
Perichaetial  leaves,  85,  .So7. 
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Periohffitiam,  85,  336. 

Periolinal,  145. 

Periojole,  151, 168  (Pigs.  130, 181). 

Periderm,  132,  208,  210  (Fig.  155). 

Peridiolam,  318. 

Peridlam,  312. 

Perigyninm  of  Carex,  552. 

of  Liverworts,  338  (Fig.  235). 
Perigynous,  495  (Fig.  310). 
Perinium,  118,  292,  410. 
Periodicity  of  growth,  738,  746  (Fig. 

480). 
Periplasm,  291. 
Perisperm,  440,  458  (Fig.  295),  561. 

594  599. 
Peristome,'  361,  368  (Fig.  252). 
Peritheoiam,  295,  299. 
Permanent  tissue,  131. 
Personate,  511. 
Petal.  79,  494.  691. 
Petaloid,  79. 
Petiole,  45,  48,  690. 
Petiole-climbers,  591,  614,  690  (Fig. 

473),  743. 
Phelloderm,  208,  213. 
Phellogen.  208. 
Phloem,  170, 181. 
Phloem-islands,  205. 
Phosphorescence,  732. 
Phosphorus,  713. 
Phototaxis,  747. 

Phototonic  effect  of  light,  674, 760, 765. 
Phototonus,  674,  760. 
Pbycocyanin,  221. 
Phycoerythrin,  99,  221. 
Phycophaain,  221. 
Pbycoxanthin,  99. 
Phyllochide,  45  (Fig.  26). 
Phyllode,  49. 
Pbylloid  branches,  684. 
Phyllopodium.  46.  • 

Phyllotaxis,  27. 

of  flower,  496. 
Physical  functions  of  tissues,  674. 
Physiology,  666. 
Physiological  differentiation,  2. 
PUeus,  310  (Figs.  221,  222). 
Piliferous  layer,  158. 
Pinna,  52. 

Pinnate,  60  (Fig.  30). 
Pinnule,  52. 
Pistil,  521. 
Pitcher,  690. 

Pith,  161,  166  (Fig.  130),  169. 
Pitted  wall,  106  (Figs.  59,  61),  128. 
Placente,  72,  374,  390,  408,  436,  524. 
Placental  scale,  469. 
Placentation,  624  (Fig.  338). 

axial,  525. 

axile  or  axillary,  524. 

basal,  526. 


Placentation,  free-central,  525. 

marginal,  524. 

parietal,  524. 

superficial,  524. 
Plagiotropic  members,  758. 
Plane  of  symmetry  of  flower,  607. 
Planogametes,  81,  225,  247  (Figs.  176. 

177),  261  (Fig.  187). 
Plasmodium,  89.  274,  283  (Fig.  198). 
Plastic  products,  670,  727. 
Plastid,  95,  97. 
Pleioohasiam,  35. 
Pleiomery,  601. 
Pleiotaxy,  602. 
Plerome,  146  (Fig.  110). 
Pleurocarpous,  356. 
Pleorog^nous  stigma,  624. 
Plumule,  20,  446. 
Pod,  631. 
Podium,  33. 
Polar  bodies,  82,  772. 
Pollen-chamber,  470. 

development  of,  125  (Fig.  86). 

-grain,  70,   434   (Fig.   282),    447 
(Fig.  288),  620. 

-sac,  71,  189,  433  (Fig.  281). 

-tetrads,  434,  664. 

-tube,  14.  86,  436  (^g.  283),  449 
(Fig.  289.  290),  457,  627. 
Pollination,  452,  774. 
Pollinium,  434,  466   (Fig.  294).  664, 

651  (Fi^'.  462). 
Pollinodium.  83,  276,  291  (Fig.  202) 

296  (Fig.  207). 
Polyadelphous,  618. 
Polyandrous,  518. 
Polyaxial,  489. 
Polycarpio  (Fungi),  286. 
Polycarpous,  462. 
Polycydic,  502  (Fig.  316). 
Polyembryony,  441,  471,  770. 
Polygamous,  358,  432,  515. 
Polyhedron- stage,  242. 
Polymerous,  522. 

Polymorphism,  2,  4,  231.  244,  278 
Polypetalous  corolla,  514. 
Polyphyllous,  514. 
Polysepalous  calyx,  514, 
Polystely,  146.  152. 
Polysymmetrical,  9,  507. 
Polysiphonous,  2-39.  267. 
Pome,  528. 
Pore,  339  (Fig.  241). 
Porous  capsule,  532  (Fig.  342). 
Positive  geotropism,  682. 

heliotropism,  685,  750. 

hydrotropism,  683,  755. 
Posterior,  499. 
Potassium,  714,  717. 
Potential  energy,  668,  718,  781 

gamptophyte,  3. 
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Potential  parasites,  711. 

saprophytes,  711. 
Prefloration,  59. 
Prefoliation,  59. 
Prickle,  6fi  (Fig.  41). 
Primaiy  bast,  181. 

bundle,  180. 

differentiation  of,  175. 

desmogen,  151,  176. 

cortex,  160,  207,  213. 

members,  15. 

meristem,  145. 

root,  16,  373. 

shoot,  15. 

wood,  176,  180. 
Primordial  ceU,  94. 
Procambium,  151,  176. 
Procarp,  83,  220,  225,  228,  268  (Figs. 

194,  195). 
Products  of  metabolism.  670,  727. 
Progressive  succession,  23. 
Proliferation,  76. 

Promycelium,  279,  289  (Fig.  200),  305 

(Fig.  215),  307  (Figs.  217,  218). 

Prophyllum,  79,  493,  505  (Figs.  519, 

520). 
Prosenchyma,  131  (Fig.  90),  132,  190, 

196. 
ProtandroilS,  454. 
Proteids,  707,  720,  724,  727. 
Proteid  crystalloids,  112,  707. 

grains,  112  (Figs.  68-70). 
Proteolytic  enzyme,  680,  724. 
ProthaUium,  372,  375,  397  (Figs.  263- 
266),  413  (Fig.  270).  423  (Fig. 
276),  428  (Fig.  278),  448  (Figs. 
289,  290),  450  (Figs.  291»  292). 
Protooorm,  421,  424. 
Protogynous,  454. 
Protonema,  14,  324  (Fig.  232),  333. 

354,  365  (Fig.  249). 
Protophloem,  167  (Fig.  130),  176. 
Protoplasm,  4,  89,  93,  95. 

continuity  of,  91  (Fig.  45). 

properties  of,  667,  764. 
Protoxylem,  167  (Fig.  130),  176  (Fig. 

135). 
Pseudaxis,  38,  35,  492. 
Pseudo-bulb,  44. 
Pseudocarp,  468,  528. 
Pseudogamy,  777. 

Pseudo  monocotyledonous  embryo,445. 
Pseudo-plasmodinm,  283. 
Pseudopodium,  69,  283. 

of  Bryophyta,  328,  357,  362,  364 
(Fig.  248) 
Pulvinus,  46,  765,  761. 
Pycnidium,  75,  278,  296. 
Pyrenoid,  100  (Figs  54,  65),  241,  244, 

353. 
Pyrenin,  96. 


Pyxidium,  531  (Fig.  342),  653. 

Quadrant-wall,  329,  372. 
Quadrilocular  anther,  519. 
Quincuncial,  60. 
Quinin,  707. 

Raceme,  490. 

Racemose    inflorescences,    490   (Fig. 

309). 
Radial  arrangement,  of  members,  24 
(Figs.  11-15). 

longitudinal  section,  7. 

of  bundles,  175. 

symmetry,  8,  9  (Fig.  2),  607. 
Radiant  umbel,  624. 
Radicle,  446. 
Ramenta,  395. 
Raphe,  437  (Fig.  284). 
Raphides,  113  (Fig.  72),  729. 
Rate  of  growth,  738,  745  (Fig.  480). 
Receptacle,  76,  85,  268,  325,  367,  494. 
Receptive  spot,  102, 116,  227. 
Reciprocal  hybridisation,  775. 
Regular  flower,  607. 
Region  of  elongation,  738,  761. 
Rejuvenescence  of  cells,  115  (Fig.  74). 
Replnm,  531  (Fig.  342),  603. 
Reproduction,  67,  670,  766. 
Reproductive  organs,  67. 

asexual,  70. 

sexual,  79. 

property  of  protoplasm,  667. 
Reserve  materials,  727. 
Resin,  709,  728. 
Resin-ducts.  140  (Fig.  102),  466. 

-sac,  140  (Fig.  104). 
Respiration,  669,  722,  726. 
Resupinate,  511,  563. 
Retardation  of  growth  by  light,  674. 
Reticulate  vessels,  104. 
Retinaculum,  466,  565. 
Reversion,  779. 
Rhachis,  76. 
Rhipidium,  36. 
Rhizine,  274,  322  (Fig.  229). 
Rhizogenio  cells,  187,  373,  395. 
Rhizoid,  324,  355. 
Rhizome,  42  (Fig.  23). 
Rhizophore,  427. 
Rib,  51. 
Ricinolein,  708. 
Ring,  79.  417  (Fig.  272). 
Rise  of  temperature  m  germinating 

seeds,  732  (Fig.  476). 
Roots,  5,  7,  61  (Fig.  39). 

adventitious,  62,  189. 

aerial,  63,  165  (Fig.  117).  682. 

branching  of,  62, 186  (Fig.  142). 

functions  of,  680. 

primary,  62. 
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Boots,  structure  of,  61, 146  (Figs.  Ill, 

114,  116),  164,  161.  165  (Figs. 

127.  129,  131),  177  (Pigs.  136, 

136).  187  (Fig.  142). 
Boot-cap,  61.  147  (Fig.  Ill),  211.  682. 
Boot-hairs.  65.   158  (Fig.   123),   681 

(Fig.  468). 
Boot-pressure,  700,  764. 
Boot-tubercles,  713. 
BosteUum,  456  (Fig.  294),  564. 
Botate.  514  (Fig.  829). 
Botation  o!  protoplasm,  733. 
Buminated  endosperm,  595,  697. 
Bunner.  42. 

»ac,  139,  140  (Fig.  103). 

Sagittate,  64. 

Salioin.  708. 

Samara.  531,  679  (Fig.  381),  616  (Fig. 

418). 
Saproph7te,273, 283.293.310,656, 711. 
Scalariform  vessels.  104. 
Scaly  leaves.  68. 
Scape.  493. 

Sohizocarp.  629  (Fig.  341). 
SchizogenouB.  130,  139. 
Schizostely,  152  (Fig.  116). 
Scion,  767. 

Sclerenchyma,  132. 160, 196. 
Sclerenchymatous  tissue,  function  of, 

676. 
Sclerotic  cells,  133  (Figs.  92,  93). 
Sclerotium,  68,   275,   285.  296  (Fig. 

212). 
Scorpioid  cyme,  36,  492. 

dichotomy,  33,  (Fig.  18). 
ScuteUum.  533  (Fig.  346). 
Sontiform  leaf.  412. 
Secondary  bast,  192,  199. 

conjunctive  tissue,  200. 

cortical  tissue.  213. 

desmogen.  202. 

extra-stelar  tissue,  207. 

members,  19  (Fif?.  7). 

sclerenchyma.  196. 

stelar  tissue,  abnormal,  204. 
normal,  191. 

tegumentary  tissue,  208. 

tissues,  differentiation  of,  202. 

tracheal  tissue,  194. 

wood,  194  (Fig.  148). 

wood-parenchyma,  196. 
Secretion,  137,  143  (Fig.  108). 
Secretum,  137, 143. 
Sectile  pollinium,  564. 
Seed,  74,  88,  218,  431,  458  (Fig.  295). 
Segmentation  of  apical  cell,  148  (Figs. 

112-115). 
Segmentation  of  body,  5. 
Self-pollination,  453. 
Semi-amplexioaul,  47. 


Sensitive  petiole,  690  (Fig.  473). 

plant,  689  (Fig.  472),  742,  766. 
Sepal,  79.  494,  691. 
Septate  body,  89,  278. 
Septicidal  dehiscence,  531  (Fig.  343) 
Septifragal  dehiscence,  531. 
Septum,  121,  133,  197. 
Serrate,  62,  64r 

Sessile,  49  (Fig.  28),  77,  490,  617. 
Seta,  76,  330,  384.  360. 

of  Garex,  651. 
Sex,  773. 
Sexual  affinity,  774. 

generation,  3. 

organs,  86. 

process,  3,  69,  276,  770.  776. 

reproduction,  80,  226,  275,  772. 
Sexuality.  772. 
Shield,  252. 

Shoot,  6,  6,  41  (Fig.  22),  184. 
Sieve-plates.  136  (Fig.  97),  199. 

-tissue.  136  (Figs.  97,  98),  678. 

•tubes,  136  (Fig.  97),  199. 
Silicon,  710.  716. 
Silicula,  631,  604  (Fig.  407). 
Siliqua,  531  (Fig.  342),  604  (Fig.  407). 
Simple  gonioiophore,  278. 

leaf,  52. 

inflorescences,  490. 

sporophores,  278. 
Simultaneous  whorls,  24. 
Sleep-movements,  689. 
Sliding  growth.  203. 
Sodium,  710,  716. 
Soft  bast,  199. 

Soredium,  68,  321  (Fig.  227). 
Sorosis,  628,  661. 

Sorus,  71.  75,  85,  307,  374,  390  (Figs. 
267^  260),  432. 

bisexual,  87. 

unisexual,  87. 
Spadix,  490. 
Spathe,  79.  490. 
Species,  218. 

Specific  absorbent  capacity,  694. 
Spermatium,  81,  116,  228,  268.  277, 

297,  306. 
Spermatozoid,  3,  81,  116,  227  (Figs. 
190,  191),  326  (Figs.  223,  224). 
877,  400  (Fig.  266). 
Spermogonium,  85,  276,  297,  306,  320 

(Fig.  226). 
Sphaarocrystal,  114  (Fig.  73). 
Spicate  capitulum,  492. 

raceme,  492. 
Spicular  cells,  467. 
Spike,  490  (Fig.  809). 
Spikelet,  490. 
Spine,  69  (Fig.  38),  161. 
Spiral  arrangement,  27  (Fig.  16). 

vessels,  104  (Fig.  68). 
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Spongy  parenchyma,  162  (Fig.  125), 

686. 
SpontaneouB  movement,  670,  692. 
Sporangium,  70,  189,  230,  278,  374, 

433. 
Spore,  2,  122  (Fig.  80),  126,  229,  376, 
434,  438,  671. 

asexually  producedh,  69. 

deyelopment  of,  125  (Fig.  84). 

-reprodaotion,  68,  768. 

-sao,  361. 

sezually  produced,  69. 
Sporidium,  300,  305  (Figs.  215,  217, 

218). 
Sporocarp,  407  (Fig.  269). 
Sporogonium,  324,  332,360,369  (Figs. 

251,  253). 
Sporophore,  70,  76,  278. 
Sporophyll,  69,  70,  77,  432. 
Sporophyllary  leaves,  691. 
Sporophyte,  2,  69,  217,  298. 
Sport,  779. 
Spur,  511. 
Spurious  fruit,  628. 

tissue,  92. 

whorl,  24. 
SquamulsB  intravaginales,  636. 
Stamen,  78,  432. 
Stominate  flower,  78,  432,  516. 
Staminodium  or  staminode,  618, 
Starch,  109,  708.  717,  724,  727. 

-grains,  98  (Fig.  61),  109  (Fig.  67). 

-sheath,  705. 

-stars,  68, 266. 
Stearin,  708. 
Stele,  146,  161. 
Stem,  5,  6. 

function  of,  683. 

herbaceous,  44. 

monostelio,  146,  173. 

polystelio,  146,  173. 

-tendril,  43  (Fig.  24).  019. 

trunk,  44. 

twining,  43  (Fig.  24),  647. 

winged,  44. 
Stereom,  133, 144,  161  (Fig.  121),  170, 

676. 
Sterigma,  75.  276,  289,  296  (Fig.  205), 
301  (Fig.  211),  305  (Figs.  215, 
217),  312  (Figs.  219,  220,  223). 
Stiohidium,  75,  268  (Fig.  193). 
Stigma,  433. 623  (Fig.  387). 
Stimulus,  670. 
Stipe,  310. 
Stipel,  48. 

Stipule,  47  (Fig.  28). 
Stock,  767. 
Stolon,  42. 

Stomata,  155  (Fig.  118),  156  (Fig.  119), 
157  (Fig.  120). 

function  of,  698,  76i. 


Stomium,  895. 

Stratification  of  cell- wall,   105  (Fig. 

60). 
Streaming  of  protoplasm,  735. 
Striation  of  oellwall,  106  (Fig.  64). 
Stroma,  296,  301  (Fig.  212). 
Strophiole,  460. 
Strychnin,  707. 
Style,  433,  623  (Fig.  337). 
Stylogonidium,  278. 
Sub-hymenial  layer,  311  (Fig.  219). 
Subtending  leaf,  31. 
Sucoessive  whorls,  24. 
Succulent  fruits,  529,  532. 
Succulent  plants,  catabolism  of,  725. 
Suceubous  leaves,  346  (Fig.  244). 
Sncroses,  708. 
Sugars,  708. 

Sulphobacteria,  719,  781. 
Sulphur,  710,  713. 
Superior  ovary,  496. 
Superposed  members,  26,  497. 
Supply  of  energy,  717,  730. 
Suppression,  606. 
Suspensor,  14,  372,  424  (Figs.  276, 

278.  279),  441  (Figs.  286,  287). 
Syoonus,  628,  678  (Fig.  379). 
Symbiosis,  273, 819, 347, 412, 710, 713. 
Synmietry  of  body,  8  (Figs.  1-4). 

of  flower,  507  (Figs.  322-328). 
Sympodium,  33,  36. 
Synandrium,  618,  539. 
Synangium,  72,  376,  383. 
Synaptase,  724. 

SyncarpouB,  521  (Fig.  335),  629. 
Syncyte,91.  118,  129, 141. 
Synergidas,  451  (Fig.  292). 
Syngenesious  anthers,  618. 
Systems  of  classification,  216. 
Systole,  736. 

Tangential  longitudinal  section,  7. 

Tannin,  708,  729. 

Tapetum,  73,  886,  393,  410,  433,  438, 

619. 
Taproot.  62,  464. 
Tartaric  acid,  708. 
Tegumentary  tissue,  144. 

function  of,  676. 

primary,  163. 

secondary,  208. 

-system,  144. 
Teleutogonidium,  278,  805  (Figs.  214- 

217).  314. 
Teleutospore,  278. 
Temperature,  671. 

Tendril,  43  (Fig.  24),  68, 619, 685,  743. 
Tentacle,  66  (Figs.  42,  43),  711. 
Terebene,  709. 
Terminal  bud,  20. 
Temate,  68  (Fig.  32). 
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Terpenes,  709. 

Testa,  459. 

Tetracyclic,  501. 

Tetrarch,  179. 

Tetradynamoas,  519,  60*2. 

Tetragonidangiam,  75,  230. 

Tetragonidium,  69,  230,  267. 

Tetraspore,  263. 

ThaUoid  sboot,  5,  38. 

Thallophyte,  5. 

ThalluB,  5,  37,  184, 220,  222. 

Theca  of  Bryophyta,  71,  75,  360,  369 

(Fig.  252). 
Thec8B  of  anther,  516. 
Thein,  707. 
Theobromin,  707. 
Theory  of  apposition,  762.  • 

of  intussusception,  762. 

of  reproduction,  780. 
Thorn,  44  (Fig.  25),  684. 
Tissue,  91, 128. 

aqueous,  161,  164. 

conjunctive,  151,  200. 

cuticularised,  182  (Fig.  91). 

embryonic,  131. 

extrastelar,  159,  207. 

formation  of,  121, 123,  128. 

forms  of,  92,  131. 

functions  of,  674. 

glandular,  137  (Fig.  100),  204,679. 

ground-.  144  (Fig.  109),  169. 

heterogeneous,  92. 

homogeneous,  92. 

intra-stelar,  159, 166,  191. 

sclerenchymatous,  132  (Fig.  94), 
676. 

secondary,  191  (Figs.  143-158). 

sieve-,    136    (Figs.  97-99),    181, 
678. 

spurious,  92. 

-systems,  144. 

tegumentary,  141  (Fig.  109),  153, 
160,  208,  675. 

thick- walled  parenchymatous,  132. 

thin- walled  parenchymatous,  131 
(Fig.  91). 

tracheal,  133  (Fig.  95),  170,  677. 

vascular,  170. 
Torsion,  12. 

of  twining  stems,  769. 
Toms  of  bordered  pit,  129  (Fig.  88). 

of  flower.  77,  494. 
Trabeculw,  71.  385  (Fig.  256). 
TraohesB,  134  (Fig.  95),  180,  19 i.  203. 
Tracheal  tissue,  133,  170.  677. 
Trachcid,  134  (Fig.  96),  200  (Fig.  151), 

203  (Fig.  158). 
Trama,  811  (Fig.  219). 
Transfusion-tissue,  169,  465. 
Transition  from  root  to  stem,  179. 
Transmission  of  stimuli,  756. 


Transpiration,  669,  686,  696. 

-current,  699,  702. 
Transverse  section,  7. 
Trichogyne,  84,  228,  250  (Fig.  179), 
268  (Figs.  194,  195),  296  (Figs. 
207.  208). 
Triohothallic  growth,  223. 
Trichophore,  270  (Fig.  195). 
Trimorphic  flowers,  455,  630. 
Tripinnate,  52. 
Truncate,  54. 
Trunk,  44.      ^ 

Tnber,  41  (Fig.  22),  505  (Fig.  371). 
Tubercles  of  roots,  713. 
Tuberous  root,  63,  683. 
Tnrgescence,  668. 
Turgid.  668. 
Turgidity,  668. 
Twining  of  climbiog-stems,  43,  753. 

of  tendrils.  743. 
Turpentine,  708. 
Tyloses,  135  (Fig.  96). 
Tyrosin,  707,  724. 

Umbel,  491  (Fig.  309),  625. 
UmbeUule,  491. 
Umbo.  485. 
Uniaxial,  39.  489. 
Unijugate,  52. 
Unilocular  ovary,  522. 

sporangium.  71. 
Unisexual,  87.  432,  516. 
Unorganised  ferments,  669,  722. 
Unseptote  body,  89,  222,  238,  273. 
Uredogonidium,  278,  805  (Figs.  214. 

216),  814. 
Uredospore,  278. 
Urn,  368. 
UtriculuB,  551  (Fig.  358). 

Vacuole,  93  (Fig.  46),  113. 

contractile,  102,  786. 
Vaginula,  330,  362. 
Vallecular  cavities,  153  (Fig.  1 16),  418 
Valve  of  Diatoms,  258. 

of  fruits.  531. 
Valvular  dehiscence  of  anther,  520, 

696  (Fig.  400). 
Variability,  779. 
Variation,  777. 

in  direction  of  growth,  739. 

in  rate  of  growth,  738. 
Variety.  218,  778. 

Vascular  bundles,  170, 172  (Figs.  132- 
139),  194  (Fig.  146). 

tissue -system,  144,  170. 
Vegetative  ceU.  387,  430,  448  (Figs. 
289,  290). 

organs,  37. 

reproduction,  67,  767. 

reproductive  oigans,  13,  767. 
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Velamen,  134, 155  (Fig.  117),  682. 
Velum,  72,  311,  812  (Fig.  222),  381 

(Fig.  256). 
Venation,  free,  55  (Fig.  38). 

furcate,  55. 

parallel,  55  (Fig.  34). 

reticulate,  55  (b*ig.  35). 
Venler,  326,  376. 
Ventral  canal-cell,  82,  117,  326,  377. 

scales,  384,  336,  340.  342. 

suture,  522. 
Vernation,  59,  742. 
Versatile  anther,  617  (Fig.  331). 
Verticillaster,  493.  642. 
Vessel,  134. 

Vezillum,  635  (Fig.  435). 
Vital  functions  of  the  tissues,  674. 
VittaB,  625  (Fig.  426). 
Volatile  oils,  708. 
Volva,  312,  319. 

Wart,  66. 

Waste  products,  670,  727,  728. 
Water-oulture,  715  (Fig.  474). 
Water,  absorption  of,  693. 
distribution  of,  700. 
-stoma,  138  (Fig.  100).  157  (Fig. 
121),  730. 


Wax,  155. 

Whorl,  23  (Fig.  11).  25  (Fig.  12),  496. 

Wings  of  fiuits,  631,  617. 

of  leaf,  45. 
Witches'  brooms,  711. 
Wood,  170  (Figs.  126,  130,  133,  134, 

137),  194,  677. 
Wood-parenchyma,  132,  195. 
Woody  fibre,  196  (Fig.  148). 
Woronin*8  hypha,  298. 

Xerophilous  plants,  628,  675,  687. 
Xylem,  170  (Figs.  127.  139,  146,  147). 
677. 

Zinc,  716. 

Zonate  tetragonidia,  267. 

Zoocyst,  285. 

Zooglcea-stage,  281  (Fig.  197). 

Zoogonidium,  69,  115  (Figs.  74,  75), 

226,  243,  283,  286,  291  (Figs. 

203,  204). 
Zoospore,   69,   229,   247    (Figs.    176. 

178). 
ZyRomorphio  symmetry,  8,  10,  508. 
Zygospore,  80,  118  (Fig.  76),  220,  225, 

229,  242,  244  (Figs.   173,  176, 

176). 
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